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THE GOLD-QUARTZ VEINS OF NEVADA CITY AND
GRASS VALLEY DISTRICTS, CALIFORNIA.

By WALDEMAR LINDGREN,

CHAPTIER L
INTRODUCTION,

FIELD WORK AND ACKNOWLEDGMENTS.

The field work on which this report is based was begun September
20, 1893, and continued without interruption until Juue 28, 1894, The
topographic maps used were prepared in 1821 by Messrs. A. ¥, Dun-
nington and R. B. Marshall, with triangulation by Mr. E. M, Douglas,
on a scale of y31yg, or about 4 inches to the wmile. They comprise three
sheets, each embracing about 12 square miles, named respectively the
Nevada City, Banner Hill, and Grass Valley sheet. The geological and
topographic maps, the latter with the outline of mining claims indi-
cated, have been published as a folio of the Geologic Atlas of the
United States. Ior present purposes a map on the reduced scale of
s33oy has been prepared from the full-size sheets of the folio.

The clhemical analyses have been made by Messrs, W. F, Hillebrand,
H. N. Stokes, George Steiger, and Peter Fireman.

To the mine owners and superintendents of the districts many thanks
arc due for the courtesy and assistance extended by them in the work
of examiuing the mines. 1 also take great pleasure in acknowledging
my special obligation to Mr. E. C. Uren, of Grass Valley, and Messrs.
W, ¥. Englebright and W. W. Waggouer, of Nevada City, for much
valuable information and cooperatioun.

GEOGRAPHIC POSITION.

The important gold-mining districts here deseribed are located in
Nevada County, on the long western slope of the Sierra Nevada, at an
average elevation of 2,500 feet and about 15 miles north-northwest of
the town of Colfax, on the Central Pacific Railroad,

The map appended to this paper shows the topography and geology
on a Scale of about 2 inches to the mile. The northern part compriscs
the Nevada City sheet on the west and the Banner Hill sheet on the
east. The southern and smaller part counsists of the Grass Valley
sheet; the small area mapped outside of the northeastern corner of

this sheet is referred to as the Brunswick tract.
13
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14 GOLD-QUARTZ VEINS OF NEVADA CITY AND GRASS VALLEY.
TOPOGRAPHY.
RELIEF.

The dominating features in the northern part of the tract are the two
long ridges whose crests descend gently westward—the Harmony Ridge,
‘near the northern boundary, and the Banner Hill-Towntalk Ridge, near
the southern boundary. The northern ridge sinks with a graduaal slope
from,an elevation of 3,660 feet to 2,840 feet at the western boundary
line of the Nevada City map, and is ent in two by a gap north of Nevada
City. A conspicunous pyramidal hill, the Sugarloaf, with an elevation
of 3,075 feet, stands in the middle of the gap and reaches at its summit
the gradient of the ridge line. The southern ridge, beginuning at an
elevation of 3,600 feet, is somewhat wider than the northern, and has
at the western boundary line of the map an elevation of 2,700 feet.
Near Banner Hill this ridge is cut in two by the narrow canyon of
Little Deer Creek; farther west several gaps are cut across it, the most
prominent one being that at Towntalk. The average slope of theridge
line is 14, At the eastern boundary of the Banner Hill distriet the
ridges approach each other, and are in fact separated only by the deep
canyon of Deer Creek. In the southeast corner of the Banner Hill
tract, towering 500 feet above the ridges, stands the isolated and con-
spiciious Banner Hill (elevation 3,904 feet). From the edges of the
ridge tables steep slopes lead down to the watercourses, stecpest as a
rule near the summit, then flattening out somewhat, then again becom-
ing steeper toward the stream bed. The distance between the ridges
is greatest at the western edge of the Nevada City tract, and here, as
well as south of Nevada City, the relief is less accentuated.

The general relief of the Grass Valley tract is gentler and the out-
lines are more undulating than those of the region described above.
The elevations range from 3,080 feet on the summit of Osborne Hill to
2,080 in the bed of Wolf Creek, at the southern boundary. The north-
eastern part consists of a series of rather flat-topped ridges, 200 to 300
fect high, with comparatively steep slopes toward the watercourses.
The larger, southwestern part may be considered as an undulating
plateau, with somewhat irregular hills and ridges rising to a height of
100 or 200 feet above the geueral level. In this plateau the principal
drainage line has cnt a canyon, which in some places is narrow and
steep, and the depth of which does not exceed 300 feet. Rising high
above the other relief and occupyiug a position similar to that of
Banner Hill, stands the high ridge of Osborne Hill.

DRAINAGE.

The principal streamn is Deer Creek, which traverses the middle of
the region from east to west, and which, 12 miles farther west, empties
into the Yuba River, The total fall of the stream from the eastern
side of the Banner Hill tract (elevation, 2,840 feet) to the western side
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of the Nevada City tract (clevation, 2,160 feet) is 680 feet, or about 100
feet to the mile. The fall is by no means uniform, however. In the
steep canyon in the eastern part of the Banner Hill tract it is 150 feet
to the imile; thence down to Nevada City about 100 feet to the mile;
from Nevada City to the Providence mine, through another narrow
canyon, the fall 1s 150 feet to the mile; and from the Providence down
to the edge of the tract it is but 53 feet to the mile, the creek meander-
ing over gravelly flats. Lateral ravines, usually steep and narrow, lead
to the creek from north and south. A somewhat larger tributary is
Little Deer Creek, which heads in the vicinity of Bauner Hill. South
of Towntalk the drainage is toward Bear River, the ravines forming
the northern headwaters of Wolf Creek, a tributary of that river,
Southeast of Banner Hill the steep ravines lead down toward Green-
Lorn- Creek, also a tributary of Bear River. The larger part of the
area in the southern part of the tract is drained by Wolf Creek, a trib-
utary of Bear River. Irom the city of Grass Valley it runs south to
the limit of the tract without larger tributaries. At Grass Valley it
forks into two ereeks, which have a general east-west direction. The
fall varies from 50 feet to the mile in the Grass Valley basin to 130 in
the vicinity of the Omaha mine. The smaller tributaries to the creek
show a feature which is also marked in the other two tracts, though
to a less extent; they flow with gentle grade over the undulating,
platean-like country, even forming marshes at themrr sources, but on
approaching the main stream they descend to it with a steep, torren-
tial grade. East of Osborne Hill the dramnage s toward Rattlesnake
Creek, a tribntary of Wolf Creek. The extreme northwestern corner
drains to Deer Creek.

VEGETATION.

The vegetation is of generally uniform character throughout the dis-
trict, and consists predominantly of a second growth of yellow nine
(Pinus ponderosa), the much more luxuriant growth once covering a
large part of the ground having been cut for mining purposes since
1849. A few large white-oaks -are found on the more open flats, and a
strong bushy growth of chaparral (Manzanita and Ceanothus) covers
some of the hills. The serpentine ridges have a separate and peculiar
vegetation of digger-pine ( Pinus sabiniana)—elsewhere rarely growing
above 2,000 feet—yew, stunted oak, and thorny bushes.

LITERATURE.

N

The references to the mining industries of the districts are very scat-
tered and consist chiefly in descriptions of individual mines. The more
important of them are contained m the following list. In the prepara-
tion of this report the statementsin Bean’s Directory, Raymond’s and J.
Ross Browne’s reports, Burchard's mint reports, and the reports of the
State mineralogist have been frequently consulted and used. Beaw’s
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Directory is unquestionably the best and most extensive as well as the
most reliable report extant of the districts up to the year 1866. In
these publications the geological features generally occupy a very sub-
ordinate space, most observations being confined to character of veins
and ore shoots, production, and technical data.

W. P. BLakk. Explorations and sarveys for a railroud route fromn the Mississippi
River to the Pacific Ocean, Vol. V, p. 268,

Notes made in 1833. Contains tatements in regard 1o the Empire and Gold Hill veins, etc.

JouN 8. HITTELL. Mining in the Qacific States of North America. San Francisco,
1861. 224 pages.
P. LAUur. Du gisement ¢t de Vexploration de 'or en Californie. Ann. des mines,
Vol, 111, 1863, p. 412,
Notes from many mines in the vicinity.. Advocates Tertiary age of quartz veins and gradual
decrease of tenor in depth. .
J. Ross BROWNE. Report upon the mineral resources of the States and Territories
west of the Rocky Mountains. Washington, 1867.
Contains uotes on many mines of the district. tables of production and stamps, statemcnts
on early mining laws, ete.; also a résumé by William Ashburner on the Grass Valley niines.
J. Ross BROWNE. Report upon the mineral resources of thie States and Territories
west of the Rocky Mountains. Washington, 1868.

Containsg notes of many mines iu the district, chiefly from Bean's Directory.

BEN SiLLIMAN, Jr. Notes on the Grass Valley wining distriet. Am. Jonr. Sci., 2d
series, Vol, XLIV, pp. 236-244. 1867,

Contains description and notes of several Grass Valley mines, notably of the Eureka: notes
in regard to the geology of Grass Valley, efc.  Professor Silliman speaks of the greenstones ns
probably altered sediments, refers to the presence of syneline and anticline, aud considers the
qnartz veins as conforming to the stratification. The jointing or sheeting has ¢vidently heen
mistaken for stratification. Occurrence of ore shoots is excetlently explained, and the view of
impoverishment in depth is combated.

BEaN’s TLISTORY AND DirrcTory orF NeEvapa Cousty, Compiled by Ldwin
¥. Bean. Nevada, 1867,

An excellent book, giving historical data of the development of the district, as well as
detailed notes in regard to nearly every vein and placer then worked, chiefly in regard toyield
and ownership. Out of print and very rare.

R. W. RaymMoxnp. Report on &hie mineral resources of the States and Territories
west of the Rocky Monntains, Vols. I to VIH, comprising 1869-1877.

Contains numerous notes in regard to mines of the district.

AMo0s BowMAN. Report on the properties and domain of the California Water
Company, situated on the Georgetown divide. San Francisco, A. L. Bancroft
& Co., 1874. Also in Raywmond reports, Vol. VII, 1879, pp. 441-470.

Contains a few notes on Grass Valley mines and many references to other localities in the
Gold Belt. Also contains a map showing strike of the most important veins of the Gold Belt.
Book very rare and out of print.

H. C. BurcHarp., Report of the Director of the Mint upon tle statisties of the pro-
dnction of the precious metals in the United States. 1881, 1882, 1883, 1884,
Containg nuwerous notes, chiefly on the production of Nevada City and Grass Valley mines,

J.D. WiTNEY. The auriferous gravelsof the Sierra Nevada of California. Memoirs.
Mus. Comp. Zool. Harvard Coll., Vol, VI, No.1. Cambridge, 1880.

Notes and description of gravel mines in the distriets, by J. D. Whitney uand W. IT. Pettoe.
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REPORTS OF THE STATE MINERALOGIST OF CALIFORNIA. Sacramento, Cal. Vols,
I to X1II, 1880 to 1895.

Numerons notes and descriptions of quartz and placer mines in the district, by Melvillte
Attwood, J. B. Hobson, and E. A. Wiltsee. Also & paper on tho *‘ Lithology of Walt-rocks,”
by Melville Attwood, describing tho Eureka and Idaho mines (8th Ann. Rept., pp. 771-784.)
Also a map by Ross E. Browne, of the Harmony gravel mines (12th Ann. Rept.).

J.ArTHUR PriLrips.” The mining and metallurgy of gold and silver. London, 1868,

Contains notes from personal obsorvation on some Grass Valley mines, and also excellent
chservations on oro shoots, etc. Shows thatthe gold ores do not decreasein tenor with depth.

F. G. CorNING. The gold quartz mines of Grass Valley, Cal. Eng. and Min. Jour.,
Dec. 11, 1886, p. 418.

E. ReveEr. Ueber die Goldgewinnung in Californien. Zeitsch. fiir Berg- , Hiitton-
und Salinenwesen im preuss. Staate, Vol, XXXIV, pp. 1-28, 1886.

Geological sketch of Grass Valley and Nevada City; notes on Eureka and Idaho mines.
The dotermination of rocks is not altogether satisfactory; data presented apparently show-
ing gradual decrease in value of ores in depth.

W. M. CourTis. Gold quartz. Trans. Am. Inst. Min. Eng., Vol. XVI1I, pp. 639-644,
Oct., 1889.

Describes microscopic sections of gold-bearing qunartz from Grass Valley and other places.

NEvapa COUNTY MINING REVIEW, Published by the Daily Morning Union. Grass
Valley, 1895.

Contains short descriptions of the various mines in operation at the present time.

HISTORY.!

Previous to the middle of the present century this region, as well
as the whole Sierra Nevada, was an nnbroken.wilderness; the region
above an clevation of 2,000 feet was covered with magnificent forests
of sugar pine, yellow pine, and fir. Nevada City and Grass Valley
were located at the lower 1imit of this luxnriant and virgin forest.

Ouce opened up by the army of gold seekers, the progress of the
country was rapid; marvelous indeed are the changes wrought in the
short forty-eight years elapsed sinee the discovery of the gold in 1848,

The first discovery of gold in the Sierra Nevada is, as is well known, -
credited to J. W. Marshall, who on January 19, 1848, found some nug-
gets in the mill-race while constructing a sawmill at Coloma, Eldorado
County, for General Sutter, of Sutter’s Fort, now Saeramento.

The first gold found within the boundaries of Nevada County is said
to have been panned out by Jonas Spect on Rose Bar, on the Yuba
River, north of Smartsville, June 2, 1848. Marshall himself is stated
to have visited Nevada County in the summer of 1848, while escorting
a party of immigrants across the mountains, He camped on Deer
Creek, near where Nevada City now stands, and tried a few pans of
dirt, finding gold each time. In October, 1848, two prospectors came
up Wolf Creek and camped a short time near where the Eureka and
Idaho mines are now located.

‘During the summer and fall of 1849 the miners gradnally worked up
along the Middle and South Yuba, Bear River, Deer Creek, and their

1Tn the compilation of this brief historical review the sources memtioned above have been freely
drawn upon.

17 ¢EoL, PT 2—2
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principal tributaries. Several men were camping at Boston Ravine
and Badger Hill, Grass Valley. Dr, Caldwell built the first store where
Nevada City now stands, and sawmills were erected 4 miles south of
Grass Valley. Trom that time the development of the districts, at first
based principally upon the alluvial placer mines, went rapidly forward.
In March, 1850, an alcalde was elected under the Mexican law at Cald-
well’s store, and the camp received its name of Nevada. In.Aprilof the
same year the first hotel in Nevada City was erected. It was built of
rifted pine boards, the whole house, 8 feet front and 48 in depth, being
taken from one tree. The house opened on May 1 with 40 guests, the
moderate price of board and lodging being $25 per week.

A town, called Coyoteville, grew up on the gravel hills in the north-
western part of the present Nevada City as soon as it was found that
the hill gravecls were rich. Several thousand men rushed in during
1850. Sawmills were erected, and the lumber sold at $200 per 1,000
feet. 1n the summer of 1850 a church was organized, and a paper
appeared in 1851. In 1853 the first brick building was erected, and tel-
egraphic commnnication with Sacramento and Marysville was estab-
lished. Im 1856 there were 907 occupied houses in Nevada City.

In Grass Valley several stores were opened in 1849 and 1850. The
first town electior. was held in November, 1850. The first church was
organized in 1851, and a school with 12 pupils opened in a log cabin the
same year. After 1851 the growth of the town was very rapid. Like
Nevada City, it was, however, subject to many fluctuations, caused by
several rushes of the miners to newly reported gold regions, and by
periods of depression and activity in the quartz-mining business.

In 1880 there were 20,833 inhabitants in Nevada County; in 1890,
according to the last census, 17,369, This decrease is directly dne to
the cessation of hydraulic mining, prohibited shortly after the census
of 1880 by the Federal courts, on account of damage wrought to the low-
- lands of Sacramento Valley.

Grass Valley township had in 1880 a population of 6 688 in 1890,
6,798. The population of the city is not given sepamtely Nevada
Gity township had in 1880 a population of .5,506; in 1890, 4,013, The
population of Nevada City is given as 4,022 in 1880, and 2,524 in 1890,
Since 1890 both citiés have increased not inconsiderably in population,
due to the renewed interest in quartz mining.

DEVELOPMENT OF MINING INTERESTS.
PLACER MINING.

During the first years the alluvial placer mines furnished the largest
amount of gold; in both districts such mines were actively worked
during the tirst and even the second decade after the discovery. Very
soon, however, the older, Tertiary hill gravels were discovered; the
deposits of these were far richer and more abundant at Nevada City
than in Grass Valley. Between 1856 and 1860, and between 1865 and
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1870, the old channels on the Alta, Towntalk, and Independent hills,
near Grass Valley, were worked by the drifting process. Very little
hydraulic work was done about Grass Valley. At the present time
there are practically no placer mines working in that vicinity.

As early as 1851 the hill gravels above Nevada City, both on the
sonth and on the north side of the Sugarloaf, were discovered, and the
town of Coyoteville, already alluded to, was established on the eastern
end of Lost Hill. The methods of mining were at first primitive, small
shafts being sunk and low drifts run in different directions. Sluices,
the first improvement on the pan, rocker, and long-tom, were first used,
it is said, in the Coyoteville diggings. In 1853 the first experiments
in hydraunlic mining, or sluicing with water under high pressure, were
made in Nevada City, on American Hill, by E. G. Matteson. During
the sixth and seventh decade hydranlic mining was carried on exten-
sively ‘about Nevada City. Writing in 1866, Bean remarks in his
directory: ¢“The placer mines are still worked quite extensively and
are the main reliance of a large proportion of the population. . There are
a few companies conducting operations on a large scale, and gener-
ally with success, besides numerous independent miners working the
gulches and ravines.” At this time hydraulic plants were in oper-
ation on American Hill, Wet Hill, and Lost Hill; extensive ground
sluicing was carried on on the head waters of ‘Brush Creek, about
Selby IFlat, where the shallow gravels were extraordinarily rich. In
1858 to 1860 the rich Nebraska ground of the Manzanita channel was
drifted. In 1870 the hydranlic mine on the Manzanita channel was
being worked. The last hydraulic work about Nevada City at the time
of the suppression of hydraulic miuing was in the extreme northwest
corner of the large hydraulic area on American Hill, and is referred
to as Hirshmann’s Cut. Since 1890 several drift mines have been in
operation on the Harmony Ridge, notably the East and the West
Harmony mines.

QUARTZ MINING.

The first find of gold-bearing quartz was made on Gold Hill by a
German in September, 1850. The piece was sold for $5, and proved' to
be worth $100.! These and other finds were at first not thought much
of. Butin November, 1850, a rich ore shoot was struck on Gold Hill
by miners digging a hole for their cabin chimney; pieces of this vein
proved to contain $500 per ton. A great excitement followed, and in
this and the two following years most of the quartz veins in the vicinity
were located. At first the quartz was crushed in mortars with spring
pole, and the Huft company took out $20,000 in this way in the winter
and spring of 1851.

The first mill was put up in January, 1851. It was a rude aflair and

1Letter by Senator A. A, Sargent, written Jannary 1, 1856, and pnblisheu in the Nevada Transcript,
October 30, 1893,
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proved practically useless. A second, 8-stamp mill was erected soon
after, which was a little more useful. Rock from Gold Hill was crushed
in it for $50 per ton. The miners were paid $12 per day. In the follow-
ing years a number of mills were built, one of the best being erected by
Melville Attwood in 1853. In 1853 W. P. Blake writes that several
quartz mills were located along Boston Ravine, and describes the
process in use at the mill of the Empire mine, which began to work in
1851, and with brief intermissions has continued until to-day. Whit-
ney! writes at the same time that with the beginning of 1853 there
were at least 20 Anglo-Californian companies in the London market,
representing a capital of $10,000,000.

During 1851 there was a great excitement about quartz claims in
Nevada City, rich gold quartz having been discovered. The Merri-
field, Providence, and Gold Tunnel veins were locat«d, and during the
next year expensive reduction works were erected, ail of which except
the Gold Tunnel mill were conspicuous failures. Over $80,000 were
expended by the “Bunker Hill” company on a smelting process, works
for which were erected on the present Nevada City claim.

On account of the many failures, quartz mining at Grass Valley and
Ncevada City received a serious setback. At Grass Valley, where sev-
eral mills were kept running, the industry slowly revived, but at Nevada
City the miners turned their attention to the gravels, and quartz mining
was almost neglected. In1857 Grass Valley was flourishing and Nevada
City mines were improving. From 1839 to 1862 the business was de-
pressed and values in both districts depreciated greatly, owing partly
to the great Washoe excitement, partly to the flooding of many mines
during the winter of 1861-62, Again maftters improved, and in 1867
Grass Valley was the most promineut camp in the State. In 1866,
according to J. Ross Brownc, there were 248 stamps, erushing 71,420
tons of ore, with an average yield of $30 to 835, in Grass Valley, and
142 stamps, crushing 14,200 tons, averaging $25, in Nevada City.

In 1873 (Raymond’s report) the Grass Valley district produced about
$2,000,000 (estimate of large mines only), raising 60,000 tons of ore,
averaging $33, with 1 or 2 per cent sulphurets, while in Nevada City
ounly $67,000 was produced from 9,000 tons of ore, averaging $7.50
per ton.

In 1880, according to the Tenth Census, 28,939 tons of ore were raised
in the Grass Valley district, averaging $20.26; in the Nevada City dis-
trict, 27,814 tons, averaging $22.52; aud in the Willow Valley district,
1,630 tous, averaging $40. Neither the Tenth nor the Eleventh Census
gives the number of stamps running. From the latter there are no
definite data to be obtained, the production of the county ouly being
given, '

According to the table by Mr. J. B. Hobson, in the Tenth Annual
~ Report of the State Mineralogist for 1889, there were, during that year,

1 Metallic Wealth of the United States, Philadelphia, 1854, p. 142.
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211 stamps in Grass Valley, erushing 69,054 tons of ore containing 1,721
tons sulphurets, or 2 per cent, with a total estimated value of free gold
and sulphurets of about $1,285,000, or about $18 per ton; in Nevada
City, 172 stamps, crushing 33,000 tons of ore containing 1,269 tons of
sulphurets, or nearly 4 per cent,:with a total value of free gold and
sulphurets of about $402,500, or about $12 per ton.

A very decided improvement in the quartz-mining business was
noticed in the beginning of the present decade. While in 1885 there
were but few mines running and but little prospecting in progress, a
great and increased activity was noted at the time this investigation
was begun., Two hundred and fifteen stamps were dropping in Grass
Valley and 170 in Nevada City during 1893, and several new mills have
been erected since then.

Gold Hill and Massachusetts Hill were the principal producers during
the first two decades. The Empire has worked almost continuously
since 1851. The North Star was in operation until 1872, then again from
1884 to the present time. The Eureka pay shoot began to be exploited
in 1864, and has been continuously worked since then in the Eureka,
Idaho, and Maryland mines. At Nevada City the Gold Tunnel and Cali-
fornia mines were among the earliest worked. The Providence and
Nevada City mines have been exploited almost continuously, with short
interruptions. The Sneath and Clay and the Pittsburg were large pro-
ducers during the sixth and seventh decades. The Willow Valley veins
have been worked intermittently.

In 1894 the following mines were producing:

NEvapa City,

Drift mines,—East ITarmony and West Harmony. -
Quartz mines,—Champion, Providence, Nevada City, Spanish, Mayflower, Federal
Loan, and Pittsburg.

GRrass VALLEY.

Quartz mines.—Maryland, Empire, North Star, W, Y, O. D., Pennsylvania, Electric,
Omaha, Slate Ledge, Osborne Hill, and Orleans.

MINING CLAIMS.

The first meeting of miners was held in Grass Valley January 13,
1851, on Massachusetts Hill, when a size of 30 by 40 feet was allowed
for all claims, the boundaries in all cases being perpendicular. Later
on, claims 100 feet square were allowed. The form of the quartz claims
on Massachusetts Hill still shows the outlines of the earliest locations.
Still later, in 1852, a nniform rule was adopted by the quartz miners of
Nevada County by which ¢ each prospector shall hereafter be entitled
to 100 feet on a quartz ledge or vein and the discoverer shall be allowed
100 feet additional. Each claim shall include all the dips, angles, and
variations of the vein.” (Ross Browne’s Report, Washington, 1367,
p. 235.) This was still in force in 1866, and in fact until the Federal
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mining laws were passed in 1872, allowing quartz claims to be 1,500 feet
along the vein, with all the dips, spurs, and angles, and 600 feet wide.

PROCESSES OF MINING AND MILLING.

The scope of this paper does not permit a detailed explanation of the
processes used in obtaining the gold from the gravel and the quartz. A
few notes on the subject may, however, not be amiss for those not
familiar with the methods employed.

HYDRAULIC MINING.

This method consists in directing a stream of water under pressure,
ranging up to 400 feet, against high gravel banks. The quantity of
water in one jet ranges up to 1,000 or even 1,600 miner’s inches
(10,000 to 15,000 gallons per minute, approximately). The disintegrat-
ing power of the jet is often aided by bank blasting, consisting in run-
ning small drifts in the bank and exploding heavy charges—up to
25,000 pounds—of black powder. The gravel is then led through a
number of sluice boxes, aggregating at least 1,000 feet in length, in
which the gold is caught in riffles of cobblestones or wooden blocks by
the aid of added quicksilver. There are no data of the yield or cost
of the hydraulic mining in Nevada City. Presumably, it was not much
different from that of the other large hydraulic mines in the county.
The top gravel is usually poor, containing from 2 to 10 cents per cubic
yard, while the lowest part on the bed rock may be very rich. The
minimum cost is probably about 3 cents per cubic yard.

DRIFT MINING.

This method consists in extracting the richest gravel on'the bed
rock of the old channels, opened up by weans of tunuels, inclines, or
vertical shafts. The gravel is rarely worked to a height of over 8 feet,
the gold being mostly concentrated near the bed rock. The deposit is
blocked out and exploited in a manner similar to the working of hori-
zontal coal seams. The pay gravel is washed in sluices, rarely aggre-
gating more than a few hundred feet in length, or when hard and
cemented is erushed in stamp mills.

The cost varies greatly, according to conditions. Under the most
favorable circumstances the expenses may be reduced to 90 cents per
cubic yard; in mines worked by shafts or inclines, having to hoist the
gravel and pump the water, the expense is increased to $2 or $3. The
milling of the gravel, when necessary, is usually considered to cost 33
cents per ton.

QUARTZ MINING.

The method almost universally adopted of exploiting the quartz
veins is by incline shafts, following the dip of the deposits. Levels
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are turned usually every 100 feet, and the pay rock is extracted by over-
hand stoping. Perpendicular shafts are sometimes used to open veins
with flatter dip. "

The cost of mining varies considerably with the thickness of the
vein, the hardness of the country rock, and the depth and amount of
water in the mine. The generally narrow veins of Grass Valley neces-
sitate so much dead work that the expenses are rather high. In the
large veins of Nevada City the cost is stated in the mineralogist’s
reports to be $2.50 to $3 per ton, while in the North Star, a representa-
tive deep mine with narrow vein, it is $5. In certain mines of Grass
Valley, working under disadvantages, it is even more—up to $6 and
$7. The cost of mining has decrcased considerably in the last twenty
years. J. Ross Browne gives the cost at the Kmpire mine as $8.60
per ton in 1867, while at present it does not exceed $5. The power
used is steam, water, or electricity.

MILLING.

The ores from both mining districts are called ¢ free milling ’—that is,
they contain native gold easily amalgamating with quicksilver. They
contain, also, however, a certain percentage of gold chemically com-
bined or very intimately mixed with the metallic sulphurets which
make up a small fraction of the ore. However fine the ore is crushed,
there is always a certain, sometimes considerabie, amount of gold going
oft with the sulphurets if these are allowed to escape. This was rec-
ognized early, and the saving of the gold in the snlphurets has been
found the most difficult problem in the milling process.

W. P. Blake described the process in-use at the Empire mill in 1853
as follows: The ore, after being roasted in heaps, is crushed in a
16-stamp mill; the pulp passes over blankets, where much gold and
pyrites is caught; these blankets are wrung out in water at intervals,
and the mixture of gold and pyrites is subjected to amalgamation in
pans. X'rom the blankets the pulp passes through a revolving cylinder
holding mercury, where a part of the fine gold is amalgamated; finally
the pulp is subjected to an amnalgamation in a Blaisdell pan holding mer-
cury and iron balls; three-fourths of the gold is caught ou the blankets.
The gradually elaborated process was in use for many years and is
known as the Grass Valley process. W, A, Skidmore describes it as
used in the Idalio mill in Raymond’s reports for 1869 and 1870: The
quartz is crushed very fine; there is no amalgamation in the battery, -
From the battery the pulp is passed over blankets which are washed
out every fifteen minutes. The results from the blanket washings are
passed through two Attwood amalgamators, where a revolving cylin-
der with rakes stirs the mass in a bed of quicksilver. The skimmings
of the amalgamators are treated in two Knox pans with chemicals, and
here 33 per cent of the gross yield is obtained. The pulp from blankets
and amalgamators is passed in contact with revolving cylinders of
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amalgamated copper plates, and the sulphurets are concentrated on
improved Cornish buddles. The sulphurets are finally passed to the
chlorination process. The average cost of milling in 1868 was generally
over $2.

The chlorination process, obviating the shipping of the sulphurets
to smelting works or the wasteful grinding in amalgamating pans, was
successfully introduced in this region in 1860 by G. F., Deetken and
O. Maltman, and has been in use continually since that time. The
salphurets are subjected to an oxidizing roasting, usually with addition
of some chloride of sodium; the roasted ore is exposed to the action of
chlorine gas in large vats, and the chloride of gold formed is extracted
with water. From this solution the gold is precipitated in a metallic
state by means of ferrous sulphate. The silver is leached by calcium
hyposulphite and precipitated as sulphide of silver by calcium poly-
sulphide. The charge of treating 1 ton of sulphurets is from $16 to $20.
There are several chlorination works to which the miners usnally sell
their concentrates. Mines with their own chlorination works report
the cost to be $S or $9 per ton. ;

The process of the modern stamp mill differs considerably from the
old Grass Valley process. The ore is crushed by rock-breakers aud fed
automatically to 900-pound stamps dropping 6 to 7 inches from 80 to 90
times a minute. Amalgamation in battery is commonly used. Thirty
to 40 mesh screens are used for the discharge, which is only on one
side. I'rom the battery the pulp passes over broad 4 by 6 foot silvered
amalgamating plates. Ifrom the plates the pulp goes to the vanners,
self-discharging concentrators of the endless-belt type, with lateral or
longitudinal oscillation. In a few mines, notably the Idaho-Maryland,
the tailings from the concentrates are worked over again with different
contrivances, but ordinarily they escape directly. The cost of milling
has been greatly reduced in the last twenty years. In the North Star
30-stamp mill, under E. A. Abadie, superintendent, the cost during
1887 to 1893 averaged 82 cents per ton. The cost of milling i general
may be said to vary between $1 and 50 cents per ton, exclusive of the
treatment of the sulphurets,

LOs8S OF GOLD.

While the stamp mill has been very much improved and the loss of -
gold very much lessened, still there is in many cases nnquestionably
- room for improvement. Some mills may work the ore up to 90 per eent
of the assay value,' but in the majority probably an average of 75 per
cent only is reeovered, and in individual cases the loss may be much
greater. The mines whose ore contains tellnrium or much sulphurets
are particularly liable to lose much of the finely divided particles;
galena is especially liable to escape in the sluices. A strict control

1According to J. H. Haminond, 82 to 95 per cent of the assay value of the ore was saved in the
Enmpire and North Star mills.
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over the process by continued assays of ore and tailings is too often
lacking. The concentrators are made to work a pulp consisting of
grains of all sizes; In larger mills this could be obviated by proper
separation of the pulp by streams of ascending water; canvas plauts
for the saving of the frequently rich, finest slimes are at present rather
the exception than the rule. Rich snlphuretted ore, worth $75 and
above, should never be milled, but shipped to smelting works; the
losses in the mill are in this case always heavy, and-may be enormous
if tellurium is also present. o

THE CYANIDE PROCESS.

Attempts to introduce the eyanide process in this vicinity have thus
far not succeeded. For the eonceuntrates the process can hardly com-
pete with the chlorination. The large amounts of tailings to which it
could have been applied have been swept down Deer Creek and Wolf
Creek instead of being stored up. It is not improbable, though, that
it could be nused for many of the finest slimes, at present not utilized,
as has been done at the Utica mine in Calaveras County.
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PRODUCTION.

To determine correetly the production of any mining district in Cali-
fornia since 1849 is a well-nigh hopeless undertaking, so deficient are
the statistics, The best that can be done is to present an estimate
based upon the known yield of later years and the estimated yield
in the earlier times. As the product of thesc districts form an impor-
tant part of the total gold production of California, that may first be
stated in round figures. The figures for the years 1848 to 1865, inclu-
sive, are taken from the estimate of Dr. H. Degroot;' for 1866 to 1878
from the estimates of the Director of the Mint;* and from 1879 to the
present time the amounts have been determined by the Director of the
Mint on the basis of more accurate information. The production is
given in millions of dollars.

! Fourth Ann. Rept. State Mineralogist, p. 217.
2Eleventh Census, Mineral Industries, p. 40,
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Estimated production of gold in California.

Year. o%[di(l)llil(z):::. Year. 0]}[({(1)1;1?:11‘:. Year. olfl (iil(}li?;ﬁ-z.
1848 .........| b 1865, cennnnnn 28 1882, ... .... 16.8
1849, ... ... 23 1866. ceenvunnn. 25 1883. ... ... 14.1

1850 . ea. ... 50 1867 veenenan-- 25 1884 . ... ... 13.6
1851. ... ...... - 55 1868 ... .. ..-. 22 1885 ... ...... 12.7
1852, . ceuveu..| 60 1869 . .oeeno-.. 22,5 1886. .. ... ... 14.7
1853 ccuvnnn... 65 1870. .......... 25 1887 ... 13.4
1854, oo 60 1871 e oo 20 1888, ... .._.... 12.8
1855, ... 56 1872 ... ... 19 1889 ... ... 13
1856 ceuen .. 55 1873 ceeneaa..| 18 1890. ... ... 12.5
1857 e enn. 54 187d . oo, 20.8 1891 ... .. ... 12.6
1858, e en 50 1875 e ean.| 17.6 1892, .......... 12
1859, ... .......| 48 1876. . coea ... 17 1893 ... ... 12
1860. coooooo... 45 1L ¢ (R 15 1894. ... ... 13.6
1861. ... ... 40 1878 cevnaenn. 15.3 1895 coeal ... 15.8
1862, cceenenn. 38 1879 e ... 17.6 Total .| 1,301.1
1868, ce e one. 35 1880, coennnn... 17.5
1864 . veeenn .t 30 1881 ... 18.2

The production of Nevada County previous to 1881, when the esti-
mates by counties was undertaken by the Mint, can be given ouly as a
rongh estimate. A. Delano, a banker and mine owner of Grass Valley,
probably better conversant with the facts in question than anyone else,
gave in 1873 an estimate of $105,000,000 as the output ot Nevada
Connty from 1849 to 1872, which, from its relation to the total gold
product, seems very reasonable. From 1373 to 1880 there was an
average total gold production of 17 millions in the State, and we may
estimate the production of Nevada County during the whole of that
period to have been 28.8 millions.

Lstimated gold production of Nevada County, 1849 to 1893, inclusive.

Milli Milli Milli
Year. of ({0111(2)1,]1].‘:. Year. of dlo]li(;gs. Year. of dxolll(;x?'s .
1849-1872. .. ... 105 1886........... 3.2 1893, . ... 2.1
1873-1880...... 28.8 1887 ........ 1.6 1894 ... .. ... 1.8
1881. ... .. .... 3.7 1888 .. ... ..... 2.6 1895, ..o, 1.8
e 3. 1889 . ... ...... 2.1 -

188 . 3.6 889 Total ._... 171.1
1883 . ... 3 1890........... 2

1884 ... ...... 3 1891. .. ....... 2.2

1885, ... .... 2.6 1892 .. ... ... 2

Still less accurate information is there available for the production of
the Nevada City and Grass Valley districts, which always, however,
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forms the largest part of the sums contribating to the total of Nevada
County., A very great amoant was taken from the placers in the first
dccade. It was estimated! that up to January, 1855, $3,585,000 had
been produced from the placer diggings in the immediate vicinity of
Grass Valley, and many millions were also taken from the surface placer
mines of the Nevada City district. The Shelby Flat and Brush Creek
diggings have yiclded several millions; the high gravels of Lost Hill,
Wet Hill, and American Hill several more; the Manzanita Channel
about 3 millions. Mr. Delano estimates (loc. cit.) the total product of
the Grass Valley district from 1849 to 1872 at 40 millions, and that of
the Nevada City district to be the same amount, which seems somewhat
high when compared with the total estimated output of the county.
Mr. William Ashburner estinates? the product of the quartz mines of
Grass Valley to be not less than 23 millions for the period 1852 to 1866,
“to which amount Massachusetts Hill alone contributed 7 millions; up
to the present date the Eureka-Idaho has produced over 17 millious,
the Empire and the North Star probably 5 millions each.

The exact information available is very fragmentary; the production
by individual mines has been reported in the Mint reports of 1839 to
1892, inclusive, the later reports giving production by county only.

The following data are obtaiuable for the gold and silver production:

Gold and silver production of the Nevada City and Grass Valley districts.

r Grass Valley
. district, in- N(_)vnf_la. C_ity
Year. Authority. 01;11‘!1:3::;"}51«?2%(1’ ‘fll;?ﬁ;g“%,lh Total. Remarks.
and Forest low Valley.
Springs.
1865..| J. Ross Browne._|............ $400,000 |....._. R Quartz mines
’ ouly.
1866 -{---- - A0 weenmennns a$2,000,000 | 500,000 | $2, 500, 000 Do.
1870..; R.W.Raymond._.|.._ . ..o |iaamen ... 1, 587, 000 Do.
1873 |..... i [+ R a 2, 000, 000 a 67,000 | 2, 067,000 Do.
Bt T R do - e 1,089,591 | Only prineipal
| quartzmines,
1875 |ecee O cciiica e e e oo @ 1,500,000 | Quartz mines
only.
'1880..1 Census ..o ... 587,260 | 721,972 | 1,309,232 Do.
1889..[ Mint report . __.. 1, 066, 600 448,200 | 1,514,800 | All wines.
1890.|..... do .. -..._... 726, 750 566,300 | 1,293, 050 Do.
1891 |..... do ......___. 984, 500 325,500 | 1,310, 000 Do.
1892. |._... do ... 781, 250 323,800 | 1,105,050 Do.
1893 |..... do ceennnn... 840,400 |..coie i, Only large
’ quartz mines.

- @ Approximate.

1 Nevada County Mining Review, p. 19. 2 Rept. J. Ross Browue, 1847, p. 37.
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The production of Grass Valley is derived almost exclusively from
quartz mines. In the Nevada City district the placer mines still con-
tribute a small part of the product. i

Accepting Delano’s estimate for the eatlier years of 80 million dollars
for 1849 to 1872, the estimate for the period 1873 to 1893, inclusive,
would be about 33 millions, or a total for the districts of about 113
millions, which I am inclined to consider a very conservative amount
rather too smalil. - The quartz mines have certainly contributed 60 per
cent of this amount, and perhaps more,

It will be seen that the product of Nevada County has remained at
an average of 2 million dollars for the last ten years, also that Grass
Valley during the past ten years has produced an average of about
$850,000 per year, and Nevada City an average of $400,000 per year.

In the above data the gold and silver productions are not separated,
the latter being comparatively insignificant. The Mint reports give
the production in value, though the estimation of production by weight
in ounces would, perhaps, be a better plan. The silver product of
Nevada County for 1894 and 1895 is given as about $400, but it is
apparent that the production in reality must be larger. Assuming a
production of 50,000 ounces of builion 850 fine and containing 12,5 per
cent silver, which probably is below the average, this bullion would
contain 6,250 ounces of silver, and as several of the ores contain much
more silver, this value is certainly a minimum. The average production
is also generally above 50,000 ounces of bullion.



CHAPTER II.
GENERAL GEOLOGY.

GENERAL FEATURES.

The general geologic features of the region here under discussion are
delineated and described in the maps of the Gold Belt, especially on
the Smartsville and Colfax sheets, and to them the student desireus of
more extended knowledge of the Sierra Nevada must be referred. It
1s, however, desirable to indicate briefly the connection of the districts
here described with the general structure of the surrounding country.
Throughout the Sierra Nevada there is one sharp geologic distinction to
be drawn. It is the difference between the older rocks—the ¢ bed-rock
series,” as it is usually termed—on the one hand, and the “superjacent
series,” or the much younger gravels, sands, clays, and voleanic rocks,
.on the other hand. The bed-rock series consists of highly altered sed-
imentary rocks, crystalline schists, and older igneous rocks, on which
the superjacent series lies in approximately horizontal position. The
rocks of the former serics have been subjected to repeated orographic
-disturbances, and to a great extent have been compressed, broken, and
crushed by these forces. The rocks which are now at the surface were
-once below 1t, probably thousands of feet; successive uplifts and con-
stant erosion have removed the upper parts of the rock masses and
.exposed those once buried in the foundations of the range. Rightly to
undcrstand the geology this fact must be borne in mind.

THE BED-ROCK SERIES,

While it is comparatively easy to unravel the later (Neocene) history
of the Sierra Nevada, the same can not be said of the iinmeasurably
longer periods preceding it. They included successive epochs of quiet
sedimentation, when the ocean covered the place wherc the range now
. rises; several distinct epochs of intense volcanic action, when the lavas

built up mountains of igneous masses; and other epochs during which
mountain-building forces lifted and crushed together these sedimen-
tary and igneous products. In these compressed and crushed masses
oceurred enormous abyssal intrusions of coarse-grained granitic rocks.
Animal life, on the remains of which we depend for the identification
of the sedimentary formations, was unusually seant during the inter-
vals of deposition, or most of the fossils were destroyed during the
metamorphism which the rocks have undergone. Many parts of the
Sierra Nevada have, indeed, the aspect of pre-Cambrian complexes—
the oldest known—though, from the evidence available, it is certain
that the rocks of the range in general are of much younger age.

29
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The Nevada City and Grass Valley district is located in the upper
foothills, near the line where the old igneous rocks of the foothill region
give place to the wide belt of slaty, sedimentary rocks of the middle
range; east of this sedimentary belt the granitic rocks of the highest
parts of the range begin. High ridges of fine-grained, dark-green rocks,
diabases, and augite-porphyrites form the first foothills of the Sierra
Nevada in Yuba and Nevada counties. Iu the latter county these
rocks extend to near Anthony House and Indian Springs, where they
are replaced by a belt of coarser-grained granitic rocks (granodiorite,
diorite, and gabbro), which terminates along a line drawn by Frenech
Corral, Rough and Ready, and Wolf Creek Mountain, Eastward of
this line, up to Nevada City and Grass Valley, the geology is very com-
plex; relatively narrow belts of more or less metamorphosed sedimen-
tary rocks, standing at steep angles, alternate with large qnantities of
fresh or metamorphosed igneous rocks. Near Nevada City this com-
plex is separated from the predominantly sedimentary slates to the
cast by the rounded southern end of the great intrusive granodiorite
mass extending more than 20 miles northward into Butte County. In
the sonthern part of Nevada Connty the diabases and porphyrites of
the foothills extend very far eastward, and an area of these rocks
reaches northward, including Osborne Hill, to the east of Grass Valley.

The region of complicated structure begins at Rough and Ready, 5
miles west of Grass Valley, with amphibolites and gabbros; then fol- °
lows a belt, from one-fonrth of a mile to 14 miles wide, of sedimentary
clay-slates and siliceous slates, which, near the North Star mine, enters
the Grass Valley tract. A branch of these slates is deflected to the
southeast and traverses the northeastern part of the Grass Valley
tract. Between Grass Valley and the main clay-slate belt lies a body of
diabase and porphyrite about three-fourths of a mile wide, the con-
tinuation of which northward, though broken for a short distance by
intervening slate masses, is found west of Newtown. East of this dia-
base belt lies the Grass Valley area of granodiorite, 5 miles long, a
rather narrow body of coarse-grained granitic rock, the northerly end
of which is found n the city of Grass Valley. Eastward of this comes
the great porphyrite and diabase area of Osborne Hill, limited again
by the above-mentioned streak of sedimentary slates cutting obliquely
across the Grass Valley tract.

The greatest complication is found between Nevada City, Newtown,
and Grass Valley. Within this area the rocks may be divided into
three groups: (1) The two narrow belts of siliceous clay-slates with
steep dip, one following the contact of the Nevada City granodiorite
area for a long distance, the other embedded in porphyrites one-fourth
of a mile eastward. (2) The diabases and porphyrites, occupying a
considerable area to the south of Nevada City and continuing down to
the vicinity of the Maryland mine. These dark-green, fine-grained
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rocks form pointed areas running out northward. The largest, adjoin-
ing the first-mentioned slate belt, comes to a point about 3 miles west-
northwest of Nevada City. (3) The diorite-gabbro-serpentine complex,
"beginning north of South Yuba River, forming a lenticular mass 9
miles long and not over 3 miles wide, and running out in several points
a short distance east of Grass Valley. The largést part of the latter
area consists of a coarse-grained, lighter or darker green diorite or gab-
bro, or a rock intermediate between the two. Initlie several lenticular
masses of serpentine, usually running out to sharp points. The road
from Nevada City to Newtown crosses the two largest of these serpen-
tine masses. Less altered pyroxenites and peridotites are found in or
near the serpentine. There is excellent reason for believing that all
- the rocks of this complex are of simtlar age and origin.

Turning now to the question of the relations of all these different
rocks, it should be stated that no fossils have thus far been found in
the sedimentary rocks of the district. The greater part of the latter
have been referred to the Calaveras formation, which embraces the
Paleozoic sedimentary rocks of the Sierra Nevada. Among the Pale-
ozoic rocks the Carboniferous strata doubtless predominate, but the
paucity of fossils has permitted identification only at relatively few
points. The determination of the rocks in question as ¢ Calaveras,”
therefore, rests on circumstantial evideuce only. These slates of the
Calaveras formation are probably the oldest rocks in the district.
During a mountain-building disturbance toward the end of the Pale-
ozoic or the beginning of the Mesozoic these beds became folded and
compressed. This earliest uplift was associated with the outbreak of
igneous rocks, which, indeed, in some localities took place even during
the deposition of the Carboniferous beds, but of those igneous rocks
there is no positive trace in the region under discussion. It is believed
that all of the igneous rocks of Grass Valley and Nevada City are
post-Carboniferous, and probably none of them antedate the end of the
Juratrias period. .

During the last portion of the Juratrias period a large part of the
Sierra Nevada was a land area. Part of it, however, was submerged,
and in that sea the latest sedimentary division of the bed.rock series—
the Mariposa beds—was deposited. These are black, carbonaceous
clays, interbedded in places with volcanic tuffs, showing that during
their formation volecanic forces were acting. In this district a narrow
belt of black clay-slates, interstratified with clastic voleanic material,
has been determined as belonging to the Mariposa beds.

After the Mariposa epoch followed a time of the most intense moun-
tain-building disturbance, accompanied by the outburst of an enormous
quantity of igneous material of different character and texture. The
younger sedimentary rocks were folded and compressed and welded
with the older-series of the same kind, while intrusive masses were
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injected in them far below the surface, and volcanoes with thousands
of feet of lavas and ash masses were built up on the surface along what
are now the foothills of the range.. The diabases and the porphyrites
belong to this voleanic period, partly as surface flows and dikes, partly
as deep-seated intrusive masses, consolidated as coarser granular rocks
" far below the surface.

Finally, as the last and farthest-reaching phase of that period of
igneous activity, came the intrasion of the large granodiorite masses in
the then deep-seated part of the range. This took place on so gigantic
a scale that the mind strives with difficulty to comprehend the mechan-
ics of the process. Thus, the granodiorites of Nevada City and Grass
Valley are the most recent rocks of the bed-rock series. Finally, after
the intrusions of the granodiorite, dynamic forces, acting on the mass
with different intensity and in different directions, produced fissure
systems in which auriferons solutions ascended and deposited their
contents. This forming of the mineral veins was the last phase of the
Mesozoic revolution in the Sierra.

By no means all of the rocks of the district are now in the same con-
dition in which they were formed. Successive dynamic forces have
acted on many of them, producing deformation and schistose structure.
Chemical forces have acted on them in at least three distinct ways,
changing their mineral constituents until their original form is some-
times scarcely or not at all recognizable—first, as a result and concom-
itant of dynamic metamorphism; second, by the heat and mineralizing
-exhalations of the intrusive granodiorite; third, by the action of the
hot auriferous solutions on the rocks adjoining the fissures through
which they circulated, Often several or all of these cffects have been
.combined in one locality, rendering very difficult the task of unravel-
ing the changes through which the rock has passed. In the region
covered by the Smartsville sheet, in which the larger part of the area
.deseribed in this folio is located, there has been less of that intense
dynamic action producing slaty and schistose structure by compression
than in some parts of the Gold Belt farther south. Ome line along
which the rocks have been crushed and rendered schistose extends in
a northerly direction through nearly the whole region, and passes some
distance beyond the western boundary of the Grass Valley tract. As
in certain localities along that line the granodiorite has been rendered
schistose, it follows that this line of disturbance was produced. later
than the intrusion of granodiorite. "Another line of schistose structure
in the Calaveras formation follows the granodiorite contact south and
west of Nevada City. But most of the rocks in the area of the special
‘maps are of massive character. :

THE SUPERJACENT SERIES.

At the beginning of the Neocene period the Sierra Nevada formed a
mountain range of substantially the same outlines as that of to-day,

et
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but of much less height, the summits—located along the same line as
the present ones—having an elevation probably of about 5,000 feet, in
latitude 38° to 39°. The range had been above water since the end of
the Juratrias period, and in its lower part long-continued erosion had
reduced it to a hilly, undulating country, frequently broken by high
ridges and isolated peaks. A drainage system somewhat similar to the’
one of the present day had been developed, and auriferous gravels
accumulated along the streams from the débris of the numerous quartz
veins. The stream receiving the drainage of Grass Valley and Nevada
City corresponded closely to the Yuba River, but also embraced the
watershed of the upper Bear River. TIts sonthern branch came down
from Dutch Flat and You Bet with a northerly direction, ¢rossing Deer
Creek at Scotts I'lat and the South Yuba at Blue Tent; then turned
westward and flowed down to the Great Valley by Badger Hill, North
San Juan, French Corral, and Smartsville. During the latter part of
the Neocene period volcanic eruptions began near the sammit of' the
Sierra Nevada, and masses of volcanic material began to ponr down
the river channels. The first material erupted was the light-colored,
siliceous rock called rhyolite, which was of comparatively small vol-
ume, confining itself as a rule to the river channels. The larger quan-
" tity of the eruptives poured out as volcanic muds, which easily found
their way down to the foot of the range. On the lower slopes they
became mixed with more or less gravel and sand, and their erap-
tive character is now less apparent. Very heavy flows of this kind
found their way down the old South IFFork of the Yuba. and part of
them flooded a low divide and filled the Nevada City basin. After a
short interval, during which considerable erosion took place, the
so-called ¢‘cement channels” or ¢channels of the volcanic period” were
formed in certain parts of the Sierra, wherever erosion cut throngh the
rhyolitic flows. No such channels have been found in the district here
described. Then the period of andesitic eruptions begau, and mud
flows again poured down from the vents near the divide, at first as
dark-colored, fine tuffs and sands, later as a gray or brown tuffaceous
breccia, containing, in the foothills as well as in the high range, larger,
morc or less angular bowlders of the dark-colored porphyritic rock
called andesite. These last flows, coming down in rapid succession,
flooded everything and covered up the middle slopes to such an extent
that only isolated ridges and peaks protruded above them. The whole
area here considered was thus once a gently sloping lava tield, above
which only Banner and Osborne hills protruded. The last of the
andesitic lows is supposed to mark the close of the Neocene period.
During the volcanic epoch the Sierra Nevada was subjected to a tilting
nplift, which at the summit probably amounted to several thousand
feet, and the streams at once began the work of cutting into this deso-
late lava platean. The directions they took were more geuerally trans-
verse than formerly. Their siinilarity to the old drainage was caused
17 GEOL, PT 2—3 \
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by higher protruding ridges of bed rock, which in many places con-
fined the new river to the old valley. This work of canyon cutting has
been continued with ceaseless energy until the present time. Not only
has much of the enormous lava masses been washed away, but, owing
to the uplift, the rivers have cut down far below the old Neocene bed-
rock surface and created the characteristic features of the Sierra
Nevada of to-day. These are deep, abrupt canyons separated by broad
or narrow ridges of more gently undulating surface.

I'nm the district described in this folio the sloping ridges—Harmony
Ridge and the Banner Hill-Towntalk Ridge—are the only remnants of
the lava sheet which once covered nearly the whole region, while the
present watercourses, here wholly unlike their Neocene predecessors,
are sunk several hundred feet below the Neocene surface.- Between
the close of the andesitic ernptions and the present day occurred the
extensive glaciation of the High Sierra, but the glaciers terminated
about 30 miles above Nevada City; and it may be stated with certainty
that neither in the Neocene nor in the Pleistocene period have any ice
streams extended as far down as the latter place.



CHAPTER III

THE IGNEOUS ROCKS OF THE BED-ROCK SERIES,
GRANODIORITE.

DEFINITION OF ROCK.

Under the name granodiorite are included coarsely granular rocks,
intruded and consolidated at considerable depths below the surface,
having a normal granitic (eu-granitic) structure, and a mineralogical
composition of quartz, soda-lime feldspars, orthoclase, hornblende, and
rearly always biotite. 'Titanite and magnetite are always present as
accessory constituents., This rock, which in the Sierra Nevada occurs
in enormous areas, forms an intermediate group between the quartz-
mica-diorites and the granites, being, however, more closely allied
to the quartz-mica-diorite than to the granite. Comparison of numerous
analyses from various parts of the Sierra Nevada shows that the chem-
ical composition varies between that of a quartz-mica-diorite and a
quartz-mouzonite (adamellite, banatite, Brogger). Its geological occur-
rence and in general entirely similar habit preclude the possibility of
dividing it into subgroups.

The rock is very characteristic and can not easily be mistaken. The
feldspars are generally white; the quartz is not very conspicuous and
does not occur in large grains, as in 8ome granites of the high Sierra;
the hornblende is dark-green, often in long, rough prisms; the biotite
is of the usual dark-brown color. The general effect is a light-grayish
color. '

Limits of variation and average composition of granodiorile.

Limits of Average
variation, |composition.
Per cent. Ler cent
Bi0: . i i 59 to 683 65
AlOs. o L 14 to 17 16
Fe.Os o oo 14 to 2§ 1.50
FOO o e e 14 to 43 3
Ca0 ... e e 3 to 63 5
MgO ... 1 toa2i 2
O b1 to 3% 2.25
N2 oo e oo e e e 24 to 43 3. 50
Remainder......... .. ool 1.75
100

a Three and one-half, one analysis.

b Certain masses in the foothiils go below 1 per cent,

35



36 GOLD-QUARTZ VEINS OF NEVADA CITY AND GRASS VALLEY.
NEVADA CITY AREA.

Extent and character of surface.— The Nevada City granodiorite area
forms the southern end of a great massif extending northward far up
in Butte County. It is generally sharply defined in this region, but in
its northern part more basic diorites and gabbros are intimately con-
nected with it by transition. ' A

The rock occupies a large part of the area covered by the Banner
Hill and Nevada City sheets. It forms a series of rounded, compara-
tively gently sloping hills with elevations gradually increasing eastward.
Deer Creek crosses the area in a canyon which, sonth of Willow Valley,
near the contact with the sedimentary area, has precipitous and narrow
slopes and is over 700 feet deep. In the western course it has more
gently sloping sides, the inclination rarely exceeding 12¢; a stecper
slope is, however, nsually noted immediately at the creek, in places
forming almost a “canyon within a valley.” Little Deer Creek cuts a
smaller canyon in the granodiorite farther south.

From Nevada City to the Providence mine thc canyon, cut in less
disintegrated rock than farther east, is narrow and rocky. The western
and southern part of the area is rather gently hilly and undulating, bat
is cut ncar Deer Creek by steep ravines,

Macroscopical description.—Thenormal granodioriteis a fresh, coarsely
granular rock of light-grayish color, composed of dark-green horn-
blende, dark-brown biotite, colorless quartz, and white or slightly
yellowish feldspar., The grains average about 2 or 3 mm. in diameter.
The hornblende is relatively more abundant than the biotite; both of
them sometimes occur in idiomorphic form, the hornblende as thick
prisms up to 10 mm. in length, the mica as hexagonal foils ap to 3 or 4 mm.
in diameter. Small grains of yellow titanite are sometimes noticeable.
Pyrite is, on the whole, rare, and occurs only in sinall grains connected
with the hornblende. Copper pyrites Lhiave also been noticed in the horn-

.blende, but pyrrhotite does not seem to occur. Near the contacts the
hornblende sometimes, thongh by no means_always, increases, giving
the rock a more basic aspect. Such is the rock along the contact from
Deer Creek northward, and also in the vicinity of the North Banner
mine, where it should more properly be called a diorite. The dark spots
so frequently seen in granitic rocks abound in certain parts of thearea,
and are composed principally of feldspar and hornblende; they often
show fissures and breaks filled with granodiorite. On the whole, the
granodiorite shows bnt slight variation in the different parts of the
area. The outcrops of the less decomposed rock are smooth and
rounded.

Microscopical description.—In thin sections the fresh, unaltered char-
acter of the rock, compared with others of the district, is very striking.
The character is comparatively aniform. The mica is normal, dark-
brown biotite, with small though distinct angle between the optical
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axes; the color is a clear yellowish-brown,without any shade of red.
It is sometimes idiomorphie. Loecal alteration has in places converted
some of it to ehlorite or muscovite,'both appearing as inserted parallel
plates. Small fragments of a doubtful mineral are in one slide inter-
grown with the biotite, showing blue and yellow pleochroism and an
extinction of about 45°. The hornblende is green or brownish-green
and compact, Sometimes roughly idiomorphic and with a maximumn
extinetion of 18¢ to 20°; occasionally a little chlorite and epidote
accompanies it. The hornblende sometimes incloses foils of biotite,
but is also occasionally surrounded by biotite. In one specimen 300
feet from the contact in Deer Creek tlhie hornblende shows sharply
defined kernels of augite. '

The predominating feldspar is plagioclase, forming usunally roughly
. idiomorphie prisms with strong twin-striation and comparatively low
symmetrical extinction, hardly ever above 20°. A zonal structure
is not ecommon. A micaceous mineral occurs in some as products of
incipient decomposition,

The orthoclase is less abundant and occurs as irregular grains; it
sometimes contains a slight microperthitic intergrowth of albite; rarely
some grains show a very fine and indistinet striation, suggesting the
presence of anorthoclase. Microcline does not appear to be present.
The quartz forms irregular grains; undulous extinction is seldom notice-
able, nor is there on the whole much evidence of strong dynamic action
on the rock.

Of accessory minerals, magnetite in irregular, often rounded grains
is always present and mostly contained in the hornblende or in the
biotite. Iron pyrite is sometimes seen; it is never beyond doubt pri-
mary, but always appears associated with the decomposition products
of the hornblende. Titanite is quite common, as well as apatite and
zircon. The structure is characteristically hypidiomorphie; the inica
and hornblende are sometimes, the plagioclase nearly always, partly
idiomorphic; these minerals are cemented, so to speak, by a later con-
solidated mass of orthoclase and quartz. This structure is always
characteristic of the granodiorite. Small erystals of” plagioclase are
occasionally embedded in the mica or in the hornblende. In some
specimens o very fine grained micro-pegmatitie intergrowth of quartz
and plagioclase is noted as a rim surrounding the end of some of the
feldspar crystals.

An important characteristic of the granodiorite is its fresh charac-
ter, owing to an absence of dynamical and ehemieal alteration.

The dark spots occurring so frequently, for instance at the quarry-at
the west edge of the Banner Hill sheet, consist mainly of hornblende
(with a little mica) and idiomorphic plagioclase, between the prisms of

“which lies a little quartz. They also contain much magnetite, and a
grain of probably primary pyrite was once noted. |
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Chemical composition.—A fresh specimen taken near Shurtleff’s barn,
about 1 mile southeast from Nevada City, analyzed by Dr. W. F. Hille-
brand, gave the following result:

Analysis of granodiorite from near Nevada City.

Fer cen‘f,

Si0y............ e e e e e e 66. 65
1 0 N . 38
ALO; oo e 16. 15
Fe g v e i e e e 1.52
FoO. o e, 2,36
MnO .. e, 10
€0 . e e e ool ass
155 U R Trace.
BaO. e .07
MgO e 1.74
0 2,65
NasO o veveee e e e e e 3,40
) 71 U Trace.
H:O below 110 . ... . . i .18
H,0 above 110°. ... .. .. . ... .72
T Y .10
e, o e e .02
100. 57

The analysis is typical of the granodiorite. The relatively low per-
centage of MgO (FeO, I'e;O;) and CaO is characteristic, as is the fact
that the sum of the alkalis exceeds considerably the lime. The TiO,
is present chiefly as titanite. In view of the fact that the exact com-
position of the hornblende and mica is unknown, there are not sufficient
data for the calculation of the constituents.of the rock. The rock con-

tains in estimate: -

| Per cent,

K Al 8i3505. ... .. P .15

Na Al Si;;OB ................................. . 29

Ca Alg Sisz e e m e tm e immeee e e meam e —mem e 15

Hornblende and biotite. oo oo oo o L. ..., 16

Quartz ....................................... 22
Apatite ..o .. e FRRTRE 24
Magnetite ... ... ... e e e s 1. 50

[ R 72 1) - S I 1
99, 75
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-The plagioclase is consequently an oligoclase. It should be remarked
that the relation between the potassa and the soda is by no means con-
stant. In a specimen from the same area, taken where the Purdons
Bridge road crosses Rock Creek, 4 miles north of Nevada City, a partial
analysis by W. H. Melville gave 0.89 per cent K,O and 4.25 per cent
Na,O.

Weathering.—TExcept along the bottom of the deeper crecks, the
granodiorite is very soft and decomposed; in places the decomposition
reaches a depth of 200 feet. Kspecially is this the case in the eastern
part of the area, which is covered by a deep dark-red soil in which few
remaining harder bowlders lie scattered. This is a true residual soil,
derived from decomposition in place, and reaches its greatest depth
on thie northern slope of the ridges. Beautiful exposures of this decom-
position are seen in the hydraulic pits southeast of Canada Hill. The
decomposition of the granodiorite seems to have at least two distinet
stages. The first consists 1n loosening the grains to a soft crnmbling
aggregate. This loosening seems to be due mainly to the decomposi-
tion of the feldspar grains. The biotite and hornblende are not much
altered. Such is the condition of the rock in the lower foothills. The
second stage consists in the complete decomposition of the horublende
and biotite as well as the feldspar. Next to the quartz, the biotite is
the most resistant mineral. The ferrous oxides are completely, con-
verted into ferric, and the result is a soft, clayey, deep-red material.

Tn the western part of the area most of the residual soil covering the
ground has been swept away; coarse, crumbling, and yellowish rock
very frequently comes to the surface, and harder masses frequently
show their light-gray, round outerops through the nore decomposed
surrounding rock. This peculiar manner of decomposition is well
shown in several places. The harder masses are often surrounded
by concentric softer shells, as seen near the railroad station at Nevada
City. Ixcellent exposnres of very hard, rounded outcrops in predomi-
nantly soft rock are seen on the bed rock of the hydraulic diggings
half a mile northwest of Nevada City, and similar sharply defined
hard masses, usually called ¢ bowlders,” are often found iu driving tun-
nels through the soft decomposed granodiorite to reach the Tertiary
channels. .

Relation to surrounding rocks.— The granodiorite is the youngest
member of the fundamental series, little affected by mechanical and
chemical changes. It was evidently intruded far below the surface as
immense masses or batholites of molten magma, which slowly consoli-
dated and which a long-continued erosion finally exposed. The rocks
near the contacts, chiefly the sedimentary rocks, show a most decided
and characteristic contact metamorphism, produced by the heat and
emanations of the eruption. The contacts are not generally well
exposed, on account of the surface decomposition; good exposures are,

“however, found on both sides of the massif in Deer Creek.
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Dikes of granodiorite occur sparingly in the adjoining sedimentary
rocks. One, about 20 feet wide, was noted in the bed of Deer Creek, 80
feet east of the coutact; this rock is a normal granodiorite, containing
fragments of the sedimentary metamorphic rocks through which it
breaks out. Inthe Federal Loan mine, dikes of dark diorite, with large
hornblende crystals, break through the sedimentary rocks; these dio-
rites, which contain some pyrite and pyrrhotite, are probably geuetic-
ally connected with the granodiorite. At the ditch 400 fect above and
southeast of the mine the granodiorite sends out dikes or apophyses
of somewhat darker dioritic character. A great number of dikes or
smaller intrusive masses are noted above the North Banner mine at
the head of Little Deer Creek; these consist of nsually rather dark
granodiorite or quartz-mica-diorite.

A small, apparently intrusive mass on the Scotts Flat road at the
divide north of the Federal Loan, and the smaill dike nearest to the
head of Little Deer Creek, have been indicated as diorite on the map.
They present, howcever, some peculiar features, and show great simi-
larity with a rock collected at the extreme edge of the Bauner Hill
tract, on the road east-southeast of Banner Hill. It is believed that
these rocks should rather be referred to the later series of diabases
and porphyrites, which frequently carry hornblende.

An excellent instance of a small branching dike of granodiorite is
seen on the south bank of Deer Creek below the Providence mill;
. other dikes occur along the road, just sonth of the same mill and on the
south bank of Deer Creek 400 feet west of it. Intrusive masses of gran-
odiorite in altered diabase are also seen in the Providence mine on the
sixth level, on the contact vein, and on the third level of the Nevada
City mine in the second crosseut in the foot wall south from the new
shatt.

Dioritic facies.—In the vicinity of the North Banner mine the grano-
diorite becomes more basic and similar to a diorite. At the contact a
few hundred feet southwest of the mine it also assumes a finer grain.
The small area northeast of the mine inclosed between the andesitic
breccia and the sedimentary rocks is a rather dark quartz-mica-diorite.
In the area west of the mine, separated from the former by a projecting
tongue of slate, the rock is morve clearly dioritic and consists of plagio-
clase and Dbrownish-green hornblende, one of the latter showing a
kernel of aungite. A little quartz separates the lath-shaped feldspar
crystals,

Diorite and granodiorite northwest of the Nevada City mine.—~Near
the contacts the granodiorite has sometimes, as noted, a teundency
toward more basic development, but no extensive change of this kind
occurs until beyond the Nevada City mine. From Birchville, 6 miles to
the northwest, to the Nevada City mine the granodiorite is adjoined by
an area of diorite, with associated gabbros and pyroxenites. At the
exccllent exposures in Shady Creek, about 24 wiles east-northeast of
French Corral, the contact between diorite and granodiorite is clear and
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sharp, the latter being younger and intrusive into the former. Again,
in the canyon of the South Yuba the contact between the two forma-
tions is sharp, though it appears to be a fault plane dipping east; but
from the river to the Nevada City mine the relations are¢ doubtful.
Along a line running due northwest from the mine the granodiorite
becomes darker, and changes imperceptibly into dark diorite and
gabbro, replaced by pyroxenite at the edge of the Nevada City
tract., Thns there is along this line no distinct contact line to be
drawn between the granodiorite on one hand and the diorite-gabbro-
pyroxeuite complex on the other. This is puzzling, for all the other
evidence is in favor of the latter being distinctly older than the grano-
diorites; besldes, it contains dikes of the diabase-porphyrite series,
which, on the other hand, is distinctly older than the granodiorite.
There may, after all, be a contact, although the similarity of the forma-
tions and the decomposition of the surface prevent its being noticed.

The diorite dikes near Indian Flat.—In the belt of the schistose
greenstones from 1,000 to 2,000 feet west of -the granodiorite contact
there are two long-drawn bodies of diorite which appear to be intru-
sive musses; they probably are connected with the granodiorite in
origin, and form a facies or product of differentiation of that magma,
The rock is dark and coarse, and composed of dark-green uralitic-
appearing hornblende and white or greenish feldspar. In thin section
large grains of green hornblende and partly idiomorphie plagioclase
form the chief: constituents. There is mueh apatite and ilmenite.
Some of the hornblende may have been derived fromn a primary pyrox-
ene, but of this there is no direct proof. A little secondary biotite is
noticed in the hornblende.

GRASS VALLEY AREA,

Extent an.. character of surface..~The granodiorite of Grass Valley
forms an elongated area much smaller than that of Nevada City, and
extending along Wolf Creek for 5 miles south of Grass Vailey. Its
width varies from less than half a mile up to nearly 2 miles. A series
of rounded hills marks the area on both sides of the more abrupt canyon
of Wolf Creek. Compared with the great mass of Osborne Hill, the
area marks a depression of old Tertiary date, produced by the more
easily disintegrating character of the rock.

Rock description.—The Grass Valley granodiorite differs somewhat in
appearance from that of Nevada City. Tt is a greenish-gray, medium-
grained rock, consisting of two kinds of feldspar—pale-red and green-
ish—black hornblende, and quartz. Only exceptionally, as at the
Scotia shaft, does biotite enter into the composition. Small grains of
pyrite are not uncommon. The type is practically constant over the
whole area. '

Under the microscope the plagioclase is rather predominant, usnally
partly idiomorphic, and often filled with micaceous minerals. The
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orthoclase hardly ever shows crystal outlines, and is generally fresher
than the plagiociase. The quartz is somefimes intergrown with the
orthoclase in micropegmatitic structure. Microperthite is also noted,
and occasionally a very finely striated feldspar associated with the
orthoclase, possibly anorthoclase. The hornblende is the ordinary
granitic variety with brownish-green color, frequently converted into
chlorite and epidote. Accessorics are magnetite, titanite, zireon, and
apatite. The first-mentioned mineral is probably somewhat titanifer-
ous, for Jencoxene (titanite) has been observed to form from it. Small
grains and crystals of pyrite frequently occur, but are probably all sec-
ondary. They are closely associated with the hornblende and some-
times surrounded by a chlorite rim. .

The structure is typically hypidiomorphie, imperfect prisms of
plagioclase and hornblende being partly embedded in orthoclase and
much quartz.

The rock on the whole is somewhat less fresh than the granodiorite
of Nevada City. Darker dioritic modifications of the rock are rare, but
were noted in the branch of the area found 1} miles west of Grass
Valley.

Composition.—The analysis by Dr. W. I'. Hillebrand of an apparently
fresh specimen from Kate Hayes Hill, near the Hecla shaft, gave:

Analysis of Grass Valley diorite.

Per cent.
S 1L 63. 85
B 0 (10 O .58
ALOs. o el .. 15,84
FeaOn oo e 1.1
FeO. . e 2.75
MnO ... ...... e e e taee e .07
Ca0 o e e e 4,76
S O O Trace.
BaO . e .06
{2 2,07
K.O...... e e et e it 3.08
NarO e e 3.29
1 S o YU, . Trace.
H:0 below 110°C.... ... .. ..... e .28
ILO above 110°C .. .. ..o e e .. 1. 65
O T 04
PoOg coiaeee s e ©.13
Total ... e i e . 100. 36
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The comparatively simple composition renders a caleulation of this
analysis possible, under the well-founded supposition that the horn-
blende is of the ordinary aluminous character.

Per cent.

T L 11.6

ALOy. e e 3.3

Ko o e 3.1
KaAlSisOs oo i e e e 18

3 L XU 19.2

AL, e e 5.5

Nan ................................. 3.3
NaAlSi303 ([’1) ............................. 28

S5 L0 5.3

ALy . 4.4

Ca0. e e 2.4
CaAlasings (b) ............................ 12- 1

8i0;.. .- ceu- 6.7

FeO .. e e i ceeecieeannen }

Fe;O:; ................................ 3'2

ALy . e e e da e 2.6

MgO . et imens e 2.1

5727 0 2N 2
Hornblende .- ... it iieit e aeaa 16.6

LN 27 o 20.8

Magnetite (estimated) ........ ... ... ... ... 1.5

4 0 T 17204 7 DI 1.4

Apatite ... e ]
Total .ot i e e e 98.7

¢ and b= Ab;An;, 40.1 per cent.

The hornblende would then have the following approximate compo-

sition:

Per cent.

40.3
15.7

19.3

12.1
12.6

100
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The plagioclase has the composition of an oligoclase, which corre-
sponds with the microscopic investigation.

It is evident that there is considerable variation in the alkalis, for a
partial analysis of the rock from Allison’s ranch, rather rich in horn-
blende, by W. L. Melville, gave 6.16 per cent Ca0, 0.53 1,0, 3.74 Na,0,
prebably corresponding to 30 per cent A, 15 per cent An, and 3 per
cent Or, or a normal quartz-diorite.

Weathering.—Though similar to the Nevada City rock in composition
and grain, it develops a considerably greater resistance to weathering.
It forms light-colqred, rounded outcrops, but less characteristic than
those of Nevada City; nor ddes the disintegration extend down so deep
by far as in the Nevada City area. The extreme result of weather-
ing is a deep-red clayey soil, a few feet deeyp.

Relation to surrounding rocks—While the granodiorite is singularly
free from dikes and intrusive masses, dikes of it occur in the surround-
ing rocks, showing its more recent age. The contacts are satisfactory
only at isolated places, on account of cxtensive weathering, but when-
ever well exposed are sharp and distinet. On the north the granodio-
rite borders against the sedimcntary rocks with distinet, though not
wide, contact-metamorphic zone. A dike-like mass of granodiorite with
unsatisfactory exposures is contained in the sedimentary scries one-
half mile west of the railroad station. The contact with the siliceous
chert in the southwest part of the arca is very poorly exposed, but
does not give the impression of very intense contact metamorphism.

The diabase and porphyrite near the contact are not appreciably
altered by the granodiorite, as fresh diabase occurs close up to or imme-
diately at the contact. Dikes of granodiorite in the latter rock were
noted at the old Peabody shaft, in Wolf Creek, a little above the
Granite Hill mine, in the tunnel 800 feet south of Central North Star
shaft, in an outcrop in the swampy meadow 2,300 feet south of North
Star shaft, and less well exposed at several points along the contact
south of the W. Y. O. D. mine.

APLITE.

. Definition.—Aplite is here used to designate granular to fine-granular
acid rocks, chiefly consisting of alkali feldspar and qunartz, and usually
occurring as dikes or dike-like masses in or near the larger bodies of
granitic rocks.

Occurrences and description.—A small, 10-inch-wide vein of' coarse
pegmatite crops out along the road 200 feet north of the Mountaineer
wmine. On the Excelsior ditch, about 1 mile above Jones Bar and about
4 miles from Nevada City, there is, in granodiorite, a dike 3 to 4 feet
wide, of a medinm-grained white or yellowish rock, consisting of feldspar
and quartz, with a very little brown mica. This rock (220 N. C.) con-
tains 1.06 per cent CaO, 5.57 K,O, and 3.43 Na,0O, according to a partial
analysis by Mr. George Steiger, and is thns a granitic dike rock with
predominating alkali feldspars.
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In the northwestern part of the Nevada City tract there is, in diorite,
a large mass of this rock running out in numerous branching dikes.
These little dikes, intruded in the dark amphibolitic rock, are well
exposed where Rock Creek crosses the eastern limit of the aplite. The
rock is almost white, medium-grained, of a sugary texture, and con-
tairis only a few small grains of biotite or hornblende. At the southern
end of the area it has a somewhat schistose or pressed appearance. The
rocks of this area have been subjected to dynamic action, possibly a
direct result of the strains during the formation of the vein fissures,
and though schistose structure is not always visible, the microscope
reveals its crushed condition. 1t is essentially a nearly allotriomorphic,
interlaced, granular aggregate of quartz and feldspar, except for a few
scattered foils of brown mica and grains of epidote. The quartz grains
are usually crushed and pressed out to long-drawn aggregates; the
feldspar grains show this to a smaller extent. Between the larger
feldspar grains there are many small ones, occasionally with micropeg-
matitic structure, and sometimes giving theimpression of having been
produced by peripheral crushing. Microperthitic intergrowths are
extremely common; there is also some microcline. A few of the grains
show distinet twin lamellae, bt some grains otherwise resembling ortho-
clase have an extremely fine and bardly visible striation in one direc-
tion and mmay be anorthoclase. A partial analysis of No. 159 N. C. by
Mr, H. W. Stokes gave 77.05 per cent SiO,, 0.73 CaO, 5.06 K,0, and
3.43 Na,O. The close agreemeut with the rock from lxcelsior ditch
should be noted. The aplite dike, 200 feet above the Champion mill, is
very similar to the rock just described, thongh not quite so much presscd.

GRANITE-PORPHYRY !

Definition.—The granite-porphyries are holoerystalline, porphyritic
dike rocks, rich in free silica and characterized by the prevalence of
alkali feldspars.

Occurrence and description.—Certain rocks occurring as dikes in the
diabase near the granodiorite contact, chiefly in the vieinity of the
Omaha mine, Grass Valley tract, belong to this group. The sometimes
very fine grained groundmass caused them to be laid down on the map
as quartz-porphyries; but as they are true dike rocks, closely connected
with granttic intrusions, the name ¢ granite-porphyry” is more appro-
priate. These rocks differ only structurally from the aplites.

The granite-porphyries are chiefly yellowish-gray or gray, fine-grained
or fiinty rocks, indistinctly porphyritic by small feldspar or quartz
crystals ranging up to 3 mm. m size. Small foils of biotite are some-
tinies preseut.

Microscopically, several types are present. No.113 G. V., from the
principal area, contains idiomorphic, short and thick feldspar crystals,
_ at least half of them with twin striation. Phenoerysts of clear quartz

I Quartz-porphyry on map.



46 GOLD-QUARTZ VEINS OF NEVADA CITY AND GRASS VALLEY.

with corroded outlines are present. White mica and some epidote has
formed In the feldspars. The biotite foils are converted into epidote-
chlorite aggregates. _

The groundmass is microerystalliue, of interlocking grains of quartz
aud unstriated feldspar; also some with twin striation. In places the
groundmass shows micropegmatitic intergrowth, approaching spheru-
litic forms. Small foils of biotite occur in the groundmass.

A partial analysis by Mr. George Steiger gave—

Ter cent,
e L 75.45
CaO ..... e e et e et ieeaaaeaen .69
) SO 4. 56
D P 2N 3.53

or practically equal quantities of Or and Ab.
‘Another rock from a smaller dike (109 (+.V.) is yellowish-gray, fine-

grained, but not flinty. Under the microscope it is a spherulitic aggre-

gate of feldspar and qnartz, the spherulites ranging from an intimate

micropegmatitic intergrowth to typical radial aggregates, showing the

black cross between crossed nicols. The groundmass between the

sphernlites is fine-grained, allotriomorphic, partly also micropegmatitic.
A partial analysis by Mr. George Steiger gave—

Per cent.
L 0.60
S & 4,21
NH:ZO ...................................... [ 3.20

showing this rock to be practically identical with the one first deseribed.
Si0, was not determined, but the rock is very acid.

A third type, a dike in diabase from the fourteenth level of the Omaha
mine, near the shaft, is grayish, flinty, and shows small feldspar erystals.
Under the microscope the feldspar phenocrysts are very mnch filled
with micaceous aggregates, elouding them completely. The ground-
mass is a clear allotriomorphic aggregate of quartz and unstriated
feldspar, easily resolved by objective No. 7 (Hartnack).

Similar rocks are also found in the diabase near the contact in the
W.Y.O0.D.mine. Whitedikes, either quartz-porphyries or aplites, are
those on Little Wolf Oreek, 660 feet south-southeast of the Golden
Treasure shaft and in the new Peabody shaft. Both of these contain
abundant pyrite, possibly introduced by the vein solutions.
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DIORITE—PORPHYRITE._

Occurrences and description.—The granodiorite being the latest prin-
cipal member of the fundamental series, very few dikes of any kind
are found in it. The aplites have already been mentioned, and the
granite-porphyries in all probability are also later, though not found
in the granodiorite. In three places basic dark-green porphyritic rocks
have also been found as dikes in granodiorite. There may be more
occurrences of the same.rock as dikes in other parts of the funda-
mental series, but if not prominent they would easily be overlooked, as
they present great similarity to the ordinary hornblende-porphyrites.

The best exposure, to which Mr. George A. Treadwell called my
attention, is in the canyon of the South Yuba River, 800 feet below the
Excelsior dam, about northwest of Nevada City and 2 miles outside
of the special sheets. At this plaee there are two dikes 16 inches wide
in the normal granodiorite, only a few feet apart; both dip 30° W,,
and many fissures and joints with the same dip are seen in the vicinity,
The rock is dark-green and dense, with many small feldspar crystals
and abundant acicular black hornblende. In thin section the rock is
seen to be holoerystalline porphyritic; the larger feldspar crystals are
not over 1 mm. long, while the needle-shaped hornblende may reach
2or3 mm. The former are sharply idiomorphic and show twin stria-
tion; the latter pale greenish-brown in color and with normal extinetion.
The groundmass is composed of microlites and grains of the same horn-
blende, and apparently also the same plagioclase, as there are all
transitions between the phenocrysts and the microlites in the ground-
mass. Magnetite is rather abundant. Aeccording to a determination
by Mr. George Steiger, the rock contains 60.85 per cent Si0O,. The rock
shows plainly the’ character. of the lamprophyric dike rocks, and is
closely related to the camptonites, though not so basic. Such dike
rocks have been found, though not abundantly, in various parts of the
Sierra Nevada, and are apparently always later than the granodiorite.!
They often appear parallel to the gold-quartz veins, and have evidently
been injected a short time previous to the formation of the latter. Two
localities have been found in the Banner Hill tract, but in both cases
the rocks are so altered as to be scarcely recognizable, The firstis a
dark grayish-green rock found on the dump of the Independence shaft
(Murchie mine), and is said to have come from a dike running parallel
to the vein, which dips W. 369, In thin section it is seen to be a very
much altered porphyritic rock, with long, slender hornblende needles,
now entirely converted to calcite. The second oceurrence forms a 3-foot-
wide dike in the Alpine taunel, forming the hanging of the St. Louis
vein. The rock has much the same extremely decomposed appearance
as that from the former locality, and shows small hornblende prisms in
a groundmass of fine felted mixture of feldspar microlites and acicular-
hornblende. "

1Compare The gold-silver veins of Ophir, Cal.: Fourteenth Ann. Rept. U. 8. Geol. Survey, p. 262.
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THE DIORITE-GABBRO-PERIDOTITE GROUP,

The rocks of this series, embracing diorite, gabbro, hornblende rock,
pyroxenite, peridotite, and serpentine, form a series so intimately con-
nected by transitions that there can be no doubt of its close genetic
relationship; nor is it vossible to strictly separate the rocks in the
description.

DEFINITIONS,

Under diorites are here included the coarse-granilar, abyssal rocks
with normal granitic structure, composed chiefly of soda-lime feldspars
of medium acidity and hornblende; biotite or pyroxene may some-
times replace the hornblende. The granodlorites, an intermediate
group ranging from guartz-diorite to quartz-monzonite (Brigger), have
already been separated. With the granodiorite has been included
several smaller masses and dikes, which probably are only local pro-
ducts of differentiation of the granodioritc magma. The diorites have
a silica percentage varying between 51 per cent and 58 per cent: The
lime is considerably in excess of the sum of the alkalis, the reverse
being true of the granodiorites. A considerable percentage of ferro-
magnesian silicates is usually present.

The gabbros, as here defined, include similar rocks with basic feld-
spars (labradorite or anorthite); the ferromagnesian silicates may be
either pyroxene, hornblende, or mica. ‘

The pyroxenites are coarse-granular, very basic rocks of granitic
structure composed chiely of pyroxene, with very small amounts of
feldspar.

The peridotites are similar rocks composed of olivine and a pyroxene
or an amphibole.

The serpentines are secondary rocks, cousisting chiefly of serpentine,
with minor quantities of residuary minerals or newly formed actinolite.
They are evidently derived from gabbros, pyroxenites, and peridotites,
chiefly from the latter two. It will be shown later that they may
also be derived {from certain porphyrites. The action produeing the
serpentines is not weathering, but must be regarded as sum]ar to the
actions effecting metamorphic alterations,

Referring to the Smartsville folio,it will be secn that a double wedge-
shaped area, determined as gabbro-diorite with masses of pyroxenite,
peridotite, and serpentine, extends from Birchwville to u point east of
Grass Valley, adjoining the granodiorite and diabase on the east aud
the diabase and sedimentary rocks on the west. The name gabbro-
drorite was adopted as a convenient expression to include different
rocks belonging to the diorite and the gabbro families. It would no
donbt have been better to designate this mixture of rocks gabbro and
diorite, The area is one of great complexity, with gradual transitions
between the gabbros, diorites, and pyroxenites, while the serpentines
are more sharply defined. In the northern part of the large area great
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complexity is added by the fact that the whole has been subjected to
more or less intense dynamowmetamorphism. Several parts of this area
fall within the space of the detailed sheets.

THE ORO FINO DIORITE-PYROXENITE AREA.

Reference has already been made to this area in the northwest part
of the Nevada City tract while discussing its indistinct contact with
the granodiorite. :

The southern part of the area, running out in the shape of a wedge,
contains chiefly diorites of dark color and average granular texture,
weathering less casily than the granodiorite, forming rougher outerops
and a scant, deep-red soil.

Under the microscope the rocks are shown to be diorites with very
little biotite and a little quartz, the latter often included in the horn-
blende. There is very little pyrite in the rock. Near the Kirkham
mine the diorite contains many small pegmatite veins.

At the northwestern end of the big aplite dike the rock has changed
to a dark-green, coarse-granular pyroxzenite, consisting chiefly of large
irregular grains of a partly uralitized pyroxene (diallage?), with some
grains of apparently primary greenish-brown hornblende with augite
kernels. Between the pyroxene grains lie small grains of a feldspar,
largely converted into micaceous aggregates. '

Small dikes of aplitic rocks are found in the pyroxenite. In other
places close by (800 feet northwest of Coan’s miue) there is a larger
amount of anorthite with broad twin lamellee and appropriate extine-

tions; consequently the rock is here a gabbro.
~ Still farther north, 2,400 feet north of Coan’s mine, the coarse-grained,
dark rock consists of partly nralitized augite, greenish-brown horn-
blende, biotite, and triclinic feldspar, with a little quartz and probably
also some orthoclase. There is also magnetite (ilmenite?) and much
apatite.

Still farther northwest, at the Oro Fino mine, dark, coarse-granular
rocks appear which are intermediate between diorite and gabbro. The
specimen, from the dump of the mine, is somewhat decomposed and
affected by pressure, many of the feldspar lamell®e being curved and
bent. 1t consists of an apparently not very basic plagioclase, augite,
and biotite; probably also some orthoclase and quartz.

THE PLEASANT ¥LAT DIORITE AREA.

Description of rock.—This area, extending on both sides of Deer
Creek, at the western limit of the special map is predominantly com
posed of a fairly normal diorite of coarse texture and dark-green color,
containing a large amount of hornblende. Seen in thin section, the
hornblendeis brownish-green, partly anhedral, partly roughly prismatic;
the feldspar is lath-shaped or anhedral with twin lamelle, the extinc-

17 GEOL, PT 2———4
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tions of which indicate a medium basicity. A little quartz is sometimes

found between the grains. The sericitic alteration has proceeded far,

as a rule; much of the hornblende is also converted to uralite, chlorite,

and epidote. On the whole, there is much more of these secondary min-
erals than in the granodiorite. Grains of pyrite are scarce and usually
associated with epidote; in some cases they might possibly be primary.

A partial analysis of a typical specimmen, by Dr. Peter Fireman, gave:

| Per cent.
| o .
I 5 10 U b1.24
‘ 0 7.97
KQO ------------------------------------------- | 93
NagO ........................................... 3 44:

Of the CaO, at least 2 per cent, probably 3 per cent, must be contained
in the hornblende. (Compare calculation of Grass Valley granodiorite.)
There would thus be not more than 30 per ecent An and 27 per cent Ab,
which shows that the feldspars are only of medium basicity.

Facies of the rock.—In many places the rock is subject to changes in
grain and composition, some parts of it being richer in hornblende,
while in some parts the feldspar acquires more prominence and some
quartz beging to appear. At Carls tunnel, near the andesite contact, the

rock on the dump exhibits a very coarse pegmatitic structure, and con-

sists of uralite crystals-several inches long in a white, partly saussuritic
mass, with sp. gr. 2.98. To the northward, beyond the special maps, the
roek gradually changes to a typical light-colored gabbro, and even in
thig area there is undoubtedly a certain relationship with the gabbro
occasionally exhibited.

Weathering.—Deep, rich, residual soil produced by weathering occurs
south of Deer Creek, and especially near the andesite contact, On the
north side the soil is less deep, but the rock is disintegrated and
crumbling.

Relation to surrounding rocks.—Toward the north and east the diorite
is in contact with serpentine and peridotite, with a rather sharply
defined contact. Tongues of serpentine extend into the diorite, as
shown on the map. The area contains an extensive system of dikes
of uralite-diabase, which will be described later,

THE FAIR-GROUND AREA OF DIORITE.

Description.—This is really the continuation of the above-described
area, emerging from below the southern edge of the covering andesitic
tuff. The character of the rock is also-entirely similar, being a coarse,
dark diorite. There is in some places also the same frequent and rapid
change of grain and basicity. The rock is deeply decomposed on the
hill northwest of the Fair-grounds.

L P
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Relation to other rocks.—Toward the northeast the contact with the
dark-green porphyrites is in places very indefinite and not well exposed,
much apparently brecciated inaterial occurring aloug it. The ecoarse
diorite contains fragments of darker grecnstones of finer grain, Along
the north side of the race-track there is a considerable amount of this
mixed material. The contact with the serpentine is fairly sharp.

DIORITE AREAS IN THE SERPENTINE.

Smaller masses of diorite, irregular or lens-shaped, oceur in the ser-
pentine. The largest one, north of the Idaho mine, is substantially like
the Fair-ground area, and contains besides some dikes of a hornblendic
porphyrite.

In the Indian Flat serpentine area irregular masses of diorite are
frequent, and probably represent dioritie variations of the prevailing
peridotite-pyroxenite magma. In the extension of the Idaho serpentine
area northwest beyond the special sheets, on the Newtown road, smaller
masses of dark-green, coarse-granular hornblende rock is found, evidently
corresponding to the pyroxenites, and consisting almost exclusively of
primary, deep browunish-green hornblende with strong pleochroism. No
larger areas of this hornblende rock are found. It should not be con-
founded with the amphibolites, which, as here defined, include only the
dynamo-metamorphic roeks in which the hornblende is secondary.

Y

THE MOREHOUSE DIORITE DIKE,

This dike-like body is contained in serpentine and gabbro halt” a mile
west of the Maryland mine. Itisamedium-grained, grayish-green rock,
containing, besides feldspar and hornblende, much pyrrhotite in small
grains. Under the microscope the rock consists of the nsnal dioritic
hornblende in irregular grains, lath-like or irregular feldspar with nar-
row striations, with smaller residual masses of orthoclase and quartz
and a little magnetite. The structure is typically hypidiomorphic.
There is much chlorite with the hornblende, and micaceous products
with the feldspar. The pyrrhotite is generally of secondary origin,
occurring chiefly with the chlorite.

GABBRO AREAS,

General features.—Typical gabbros do not form extensive areas in this
vicinity; most of the areas occurring as elongated masses in the serpen-
tine probably represent, as does the diorite in similar occurrence, facies
of the prevailing pyroxeunic or peridotic mother rock of the serpentine.

Gabbro dikes below the Providence mine.—In the dike-like masses on
both sides of the serpentine below the Providence mine the gabbro is
very coarse grained, consisting of uralitic pyroxene of light-green color
and whitish feldspar, very often with a tinge of brown. The grains
average about 5 mm. In weathering, the large outerops assume a
whitish color. Microscopically, the feldspars show large anhedral
grains with broad striation, the striations indicating a composition
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between bytownite and anorthite. The diallage is almost wholly con-
verted into uralite, fibers of which are also found in the feldspars.
The latter are in part clounded by micaceous products. Some ilmenite
is also present, as well as some finely distributed pyrite, the latter
probably secondary,

Gabbro tn the Maryland serpentine.—There are several smaller areas of
gabbro in the Maryland serpentine, one of which is indicated on the

map. The rock is only in part typical, some of it being schistose and
" dynamo-metamorphosed. Up toward Jones Bar, in the continnation of
the diorite-gabbro series of the special sheets, there are large areas of
gabbro similar to the one here described and also characterized by the
‘whitish color of the outcrops; it is here frequently dynamo-metamor-
phosed, producing light-colored actinolite schists, often also with much
zoigite. )

The Maryland gabbro.—The Maryland gabbro area is the largest one
found on the area of the special sheets, extending from South Wolf
Creck up to the Maryland mine. The rock isin the main similar to the
one jnst described; it is coarse-grained, of a prevailing light-green
color, and is composed of nralite-diallage and a basic plagioclase.

The exposures are very poor, thc deep disintegration of the rock
rendering it difficult to decide the relations with the surrounding rock.
It borders, with a fairly distinet contact, on the serpentine, smaller
masses and seams of the latter rock oceurring in the gabbro. Toward
the east the contact with the coarser diabases of the Maryland area is
very obscure; abundant dikes of diabase, extending from the main area,
appear to be contained in the gabbro, but in the area laid down as dia-
base there is also, as at South Idaho, more or less gabbro traversed
by dikes of the darker rock. The bestexposures are along the railroad
near the sulphuret works, but they are very unsatisfactory; the gabbro
disintegrates easily to a erumbling mass, while the hard diabase dlkeb
remain intact, their fragments covering the ground.

The Fast Marylcmd gabbro.—Half a mile east of the Maryland mine
another gabbro area begins. This is practically included in serpentine,
and the rock varies a great deal in composition. While the prevailing
rock is the normal, coarse, whitish gabbro, there is also much of darker
diabasic and amphibolitic rocks, the relation of which to the gabbro
is obscure on account of poor cxposures. On the dump of the Che-
vannes tunnel much saussurite or saussuritic gabbro was found.

A little gabbro is also found in the Mariposa slates at the south end
of the small serpentine area near the Washington mine (6,500 feet east
of the Maryland mine).

THE INDIAN FLAT SERPENTINE AREA.

Faxtent.—Beginning under the andesite northwest of Town Talk, this
area extends beyond the limits of the map to a point some distance
northwest of the Yellow Diamond mine.
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Description of rocks.—The serpentine in this area is only partly a pure
rock and usually bears clear evidence of its derivation from pyroxenites
“and peridotites, in part probably also from gabbro. The residual masses
of gabbro and diorite occurring in it have already been mentioned. In
its northwestern point unaltered pyroxenites appear, while good perido-
tites arc exposed where the Newtown road crosses its western contact.
While there is some ot the pure light-green serpentine with glistening
curved faces of the fragments, the prevailing rock is a black to dark-
browu or dark-green dense rock, rather soft and with dull surface, in
places showing, however, a peculiar satiny luster. Occasionally, as, for
1nstance, in the rock from the old tunnel 2,300 feet south of the Wyoming
mill (116 N. C.), the serpentine of the appearance just referred to is fairly
pure and shows a grate structure by development of more sharply
bi-refracting fibers crossing each other at varying angles. There are,
further, some tremolite or actinolite, a little tale, and abundant irregu-
larly distributed magnetite, and, lastly, clouded and corroded remains
of a pyroxene mineral.

A specimen from the north side of Deer Creek, 2,500 feet west-south-
west of the Providence mine (131 N. C.), is a black, apparently fine-
grained rock with a satiny luster., The microscope shows it to be a very
imperfect serpentine. There is a large quantity of clouded residual
pyroxene, probably enstatite, traversed in all directions by radiating
or crossing fibers of serpentine with gray colors of interference. The
olivine is not so easily recognized, but is probably also present. Some
secondary actinolite in radiating fibers traverses the pyroxene; aggre-
gates of tale are also noted. The magnetite is abundant, anhedral or
in sharp crystals, and arranged to form an incipient net structure, best
seen in reflected light. Pyrite also oceurs in this rock, in anhedral
grains closely associated with magnetite.

A serpentinoid rock of similar appearance fromr near the contact
north of Pleasant Flat shows remains of pyroxene and olivine; the
serpentine traverses the original minerals i net-like veins composed
of a very eryptoerystalline, clear mass. Tale and actinolite are present,
as usual. 1t should be noted, lowever, that it is impossible to distin-
guish fine micaceous awgregate% from talc, and if feldspar was present
in the original rock white wmicas might be expected in the resulting
serpentine.

Weathering.—This impure serpentine demved from pyroxenite and
peridotite is very resistant to surface decomposition, It forms reddish-
brown, rough outerops, with practically no residual soil. West of
Indian Flat a probably thermal alteration has produced a large mass
of brown or white, cellular, chalcedonic rock. Moss agates, so called,
eonsisting of translucent chalcedonite with black dendritic inclusions,
have been obtaiued from this locality.
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Relation to surrounding rocks.—The contact with the amphibolites on
the east is distinct, though insufficient exposures do not permit a satis-
factory establishment of the relation between the rocks. The contact
on the west with the wedge-like projecting serpentine masses has
already been referred to.

THE TOWN TALK SERPENTINE AREA,

This small area, 1,500 feet long and only a few hmndred feet wide, is
in character of rock similar to the larger mass just described. Resid-
nal pyroxene, and oceasionally olivine, is contained in the serpentine,
as well as secondary actinolite. One specimen with dense, dark-green,
flinty appearance is a mixture of serpentine, chlorite, and actinolite.
On account of uunsatisfactory outerop, nothing definite can be said
about its relation to surrounding rocks; it lies as a dike-like mass
between dark-grecn porphyrites on the west and black clay-slates on
the east.

A similar small area with some gabbro at its southern end is found
north of the Washington mine, southeast of the Town Talk area.

THE MARYLAND SERPENTINE AREA.

Paxtent—Beginning as a narrow wedge in gabbro northeast of New-
town and flanked by smaller masses of peridotite and pyroxenite, this
large serpentine area enters the special sheets west of the Fair-ground,
and between the Maryland mine and Grass Valley sends out a long
wedge-shaped mass southward toward the sulphuret works. Continu-
ing southcast, the area runs out to points -again; near the Brunswick
mine two branches are separated by a mass of gabbro.

Deseription.—The rock is a normal serpentine of dull dark-green,
dark-brown, or black eolor, sometimes containing veins of chrysotile;
a light-green crushed sérpentine, breaking in smooth, glistening frag-
ments, is also found in places. Masses of diorite and gabbro are not
abundant in it.

The rock in this area is much more normal than is the Indian Flat
serpentine. In most of the specimens examined the serpentinizationis
complete, no remains of the original minerals being found. The strue-
ture is, as a rule, an imperfect grate structure, by the development of
stronger bi-refracting fibers crossing one another at varying angles;
between the fibers lies less strongly bi-refracting serpentine with
. nndulous extinction. A little tale and actinolite ocenrs, but far less
than in the Indian ¥lat area. There is abundant magnetite, sometimes
arranged so as to form a net structure; a dark-brown, translucent chro-
mite is also noted in some specimens. Finely disseminated pyrite was
found in the serpentine 1,700 feet west of the Eurcka shaft embedded
in fresh serpentine aud in chrysotile veins; it is closely associated with
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the magnetite and sometimes included in it; in one place a cluster of
small yellow needles was noted, possibly millerite or sulphide of nickel-
The presence of some calcite in the rock renders it possible, however,
that some of the pyrite may be due to the vein solutions.

North of the areas of the special sheets remains of pyroxene and
olivine are more frequently found in the serpentine.

Weathering.—The rock weathers very much like that of the Indian
Flat area, in rough, reddish-brown outerops; the rocky serpentine hills
are almost bare of any residual soil, and are characterized by a scrubby
growth of digger-pine and thorny brush (Ceanothus).

Relation to surrounding rocks.—The contacts of the serpentine with
the sedimentary rocks, as well as with diabase and porphyrite and
with the gabbro and diorite, are fairly sharp; least so, probably, the
gabbro contacts, but the decomposition of the rocks renders it difficult
to obtain distinet evidence as to succession. The relations at the St.
John shaft are shown in the diagram accompanying the description of
that mine. Small bodies of serpentine are occasionally found in the
diabase, as at the reservoir 1,000 feet southeast of the Maryland mine,
Numerous dikes of diabase and porphyrite are found in this serpentine
area, and will be discussed later.

THE CROWN POINT SERPENTINE AREAS.

At the Crown Point mine and northwest of it there occurs in the
sedimentary rocks dike-like masses of serpentine in close connection
with certain basic porphyrites, to be described later. The relation of
the serpentine and porphyrite is very similar to that indicated in the
St. John section, and the inference is scarcely to be avoided that the
latter rock is subject to a serpentinization. Specimens from the New
Eureka prospect shaft and from near the Crown Point show the pres-
ence of much actinolite and some chlorite in the serpentine. There is
also some chromite. The rock from the latter locality (bridge by Crown
Point mill, 116 G. V.) is not exactly like a normal serpentine, being
dark-green, hard, and showing somewhat splintery fracture. - Residual
pyroxene was noted in this rock,



CHAPTER 1V,
THE IGNEOUS ROCKS OF THE BED-ROCK SERIES—(CONT'D).
THE DIABASE AND PORPHYRITE GROUP. -
DEFINITIONS AND GENERAL FEATURES.

Under diabase are here included hypidiomorphic granular rocks com-
posed chiefly of a soda-lime feldspar with augite; hornblende may partly
or even wholly replace the augite. The texture ranges from coarse to
rather fine grained, the latter forming transitions to thé porphyrite
group. The typical structure distinguishing it from the gabbros is
‘“diabasic granular” or ‘ophitie,” characterized by long, lath-shaped
feldspars, the interstices being filled by the augite. Through a more
granular development of the feldspars frequent transitions to dioritie
structure are effected. It was proposed to restrict the term ¢ diabase”
to those rocks carrying basic feldspars (labradorite to anorthite), but
this has not proved feasible without ¢reating too artificial distinctions.

Under diabase-porphyrite are included the finer-grained forms of
diabase in which are contained phenocrysts, usually of feldspar, thus
giving the rock a porphyritic habit.

Under augite-porphyrite and hornblende-porphyrite are here included
the pre-Tertiary porphyritic rocks, consisting chiefly of soda-lime feld-
spar and augite, hornblende, or biotite. The structure is porphyritic
by phenocrysts of any of these constituents. The groundmass is chiefly
feldspathie, ranging from cryptocrystalline to microcrystalline; very
common is a pilotaxitic structurc forming a transition to the diabase-
porphyrites. In these porphyrites the feldspar is, as a rule, somewhat
less basic than in the diabases. No glass has been detected, but
remains of it might well have been devitrificd and thus escaped atten-
tion, The porphyrites are probably chiefly effusive rocks; but may also
oceur as intrusive bodies.

Rocks belonging to this group have a wide distribution in the areas
covered by the special maps. They are in general dark-green, rather
basic rocks of medium to fine grannlar or holocrystalline porphyritic
development, angite prevailing among the ferromagnesian silicates,
though hornblende also occurs. Collectively they would formerly have
becn referred to as ‘“greenstones.” They range in composition from
normal diabases, with from 47 to 53 per cent SiO, and rich in lime,
to quartz-porphyrites of a composition similar to that of many grano-
diorites; the latter division is in general segregated from the rest and
separately indicated. From the normal diabases there are gradations
into hornblende-diabases and into augite-plagioclase rocks with a more
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eu-granitic structure. Again, the diabase may readily become porphy-
ritie, the resulting rock being referred to as diabase-porphyrite. A
more pronounced porphyritic structure with finer-grained holocrystal-
line groundmass gradually leads over into the porphyrites, referred to
as augite-porphyrites or hornblende-porphyrites. Besides these main
divisions there are others less prominently represented, such as fourch-
ites (J. F. Williams), or porphyritic rocks consisting chiefly of pyrox-
ene, and augite-syenite, the latter probably only a facies of the diabase.
There are further great masses of old tuffs and contact breccias among
this group. _ ,

In face of such a variety of rocks, gradually changing in composition
and strueture and still by necessity to be regarded as a geological unit,
the limitations of petrographical classification become painfully appar-
ent, It can not be regarded as proved that the different areas occupied
by this series are of exactly the same age, but the probabilify appears
great that the time of eruption of all these rocks falls within moder-
ate limits. They are much later than the Calaveras formation, being
partly contemporaneous with, partly slightly later than, the Mariposa
beds. Granodiorite appears to be the only principal rock which is
decidedly later than the diabase-porphyrite series.

The frequent porphyritic character, and especially the abundant
presence of fragmental rocks, characterize the group, in contrast to the
granodiorite and the diorite-gabbro group, as surface eruptions, while
the transition in granular diabases, on the other hand, tends to connect
it with the intrusive rocks. 1t is probable that the group represents
what is left of the extensive volecanoes which at the close of the Jurassie
period were built up along the foothills of the Sierra Nevada. The ero-
sion having removed the upper part, the remaining cores are exposed.
The progressive cruptions of new material as the volecanic masses
piled up will to some extent explain the close juxtaposition of rocks of
intrusive and effusive types. Professor Iddings’s descriptions of the
Electric Peak rocks offer many analogies to the phenomena here pre-
sented. It may not be amiss to call attention to the fact that the rocks
most resembling the cffusive types of modern andesites are found about
Banner Hill, in the highest parts of the area, but no distinct law gov-
erning the distribution of the different structures can be formulated.

Finally, this group has been extensively subjected to metamorphism,
developing uralite, epidote, chlorite, pyrite, and other minerals, and
sometimes converting the rock into amphiboiitic schists.

A majority of these porphyrites are, strictly speaking, the some-
what altered and perhaps partly devitrified equivalents of the modern
andesites, and might be called ¢‘apo-andesites,” according to a recently
snggested nomenclature.

This or a similar classification has not been adopted because it was
believed that great confusion would result. The gap existing hetween
the Tertiary andesites and the Mesozoic porphyrites is, in the Sierra
Nevada, very wide and marked.
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THE DIKES IN THE FEDERAL LOAN ARGILLTIES.

Generar features.—Y ery many dikes are contained in the partly con-
tact-metamorphosed rocks of this area, but most of them are of small
extent and irregular form and can be traced only for short distances.
It is rarely possible to trace them with great acecuracy under the deep-
covering of residual soil; the impression of great extent gained by the
abundant fragments is corrected by inspection of fresh exposures, as
along the canyon of DeerCreel. Althongh oceurring abundantly close
up to the granodiorite, none have been found in that rock. They
usually contain a considerable quantity of sulphides, as do the argil-
lites in which they are contained, and also, as the argillites, secondary
biotite,

Fourchite—The fourchites, according to J. F. Williams,' are charac-
terized as porphyritic rocks with phenocrysts of augite in a prevailingly
augitic groundmass. Rocks of this character, really the porplyritie
equivalent of pyroxenite, occur in this area at two places—as a small
dike a few feet wide at the foot bridge 500 feet northwest of the
Federal Loan mine (52 N, C.), and as a iarger dike at the andesite dike
north of Willow Valley Creek. The latter is adjoined southward by
another dike of quartz-porphyritic character. The dark-green rocks
carry augite crystals, colorless in thin section, green in specimen, sev-
eral millimeters large, of stout prismatic habit, partly nralitized and
showing pecnliar twinning, sometimes with polysynthetic lamellz, prob-
ably parallel to a dome or a pyramid:. The groundmass is chiefly a fine
aggregate of small prismatic or anhedral uralite grains with a little
gericitized feldspar.

Diorite.—A dike-like mass of dioritic roek oecurs on the divide
between Scotts I'lat and Willow Valley, at the road to the former
place. It is a dark-green, medium-grained rock, consisting of roughly
idiomorphic, brown, partly bleached hornblende, lath-shaped plagioclase
and a little orthoclase, the latter cementing the plagioclase prisms; very
abundant titanite and pyrrhotite, the latter possibly primary in part;
much chlorite and epidote. Though a diorite, the rock is believed to
to be closely related, geologically, to the diabase eruptions.

LPorphyrite.—Dikes of this character are most frequent, and the rocks
may be classed either as hornblende-porphyrites or quartz-hornblende-
porphyrites. They are in general dense, dark-gray rocks, with a tinge
of green or brown, with phenoerysts of hornblende, in some cases up to
2 em., but usually 1 to 3 mm., in length. The feldspar phenocrysts are
less conspicuous. Under the microscope the hornblende, while more or
less uralitic, bears evidence of having been originally of dark-brown
color; maximum extinction, 20°, The feldspar phenocrysts are well
defined, but nsually obscured by sericitic and epidotic aggregates. The
holoerystalline groundmass is, in the quartzose porphyrites, of a fine-
grained, allotriomorphic character, while in the quartz-free rocks it

T Arkansas Geol. Survey, 1890, Vol. li.
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readily assumes a pilotaxitic structure by the mierolitie development of
the feldspars. The groundmass is prevailingly ecomposed of feldspar,
though in the quartz-free porphyrites there are also small prisms of
uralitic hornblende. Many of the rocks contain finely disseminated,
reddish-brown biotite in the groundmass and in the uralite erystals;
this biotite is probably not primary, but has been developed by meta-
morphic processes. It can scareely be due to contact metamorphism,
for the granitic contact is for many of the oceurrences several thousand
feet distant, A similar development of brown mica will be shown in
the metamorphosed diabases of the Nevada City area. Magnetite is
abundant, as is pyrite, and especially pyrrhotite. In part these sul-
phides are doubtless secondary, but in other seetions (32 N, C.), where
intimately intergrown pyrite and magnetite fills many of the horn-
blende crystals, a primary origin suggests itself strongly. Chlorite,
epidote, and sericite are abundant. On the whole, the rocks may be
characterized as greatly altered, though no mechanieal effects of dynamo-
metamorphism are visible. Specimen 22 N. C., from near the edge of the
Banner Hill area, 200 feet south of the Scotts Flat road, was analyzed.
It is a dark-gray, fairly fresh rock, porphyritic by black hornblende
crystals of prismatie habit, about 3 mm. long; the feldspar phenocrysts
are small and not prominent. The groundmass is dense, grayish--
brown, with splintery fracture. Under the microscope the hornblende
is greenish-brown, and shows sharp idiomorphic outlines. The feld-
spars are filled by epidote and a sericitic mineral, The groundmass is
a very fine grained, allotriomorphic, feldspar-quartz aggregate, with a
great development of small chestnut-brown biotite foils.

The following analysis of this rock was made by Dr. H. N, Stokes:

Per cent.
S L T A 62.09
B (T .82
PO e, e e .39
S0 e e i .10
Al Os. e e e a. 16. 69
Fer0 oo i i e it et aeaaa. 1.45
2 O U 3.76
MO i et Trace.
BaO e .10
0RO - e e e e e e 6.08
O R 1.93
£ O 1.84
NayO o e e s 3.36
H;O below 1100 C oo e caeaann .19
H,0 above 110C C . ... oL . it iaa. 1. 47
99. 77
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The chemical composition of this rock approaches very closely that
of some granodiorites. Making due allowance for the CaO contained
in the hornblende, there is evidently more Ab than An, and, besides,
not so little orthoclase.

THE BANNER HILL DIABASE AND PORPHYRITE AREA.

Exteni.—As sbown by the general map (PL I), this area is entirely
surrounded by sedimentary rocks of the Calaveras formation. The
part of it shown in the southeast corner of the Banner Hill sheet is of
almost bewildering complexity. Were the exposures better it might
be possible to further subdivide the area. It is, however, unquestion-
ably a geological unit, and according to the best evidence available the
rock types are closcly connected by transitions. The occurrence of
brown hornblende characterizes most of the rocks in this area.

Description of rocks.—As no general description can be given, it is
necessary to single out principal types. No. 71 N, C. (Banner Hill
bears N, 200 W., and is 4,700 feet distant) shows in a grayish-green
groundmass white feldspar crystals up to 1 mm. long, and stout, pris-
matie, black hornblende up to 10 mm. in length. Under the microscope
the idiomorphic brown hornblende, with extinctions about 20°, shows
peculiarly rounded or corroded outlines; some stout, partly uralitized
augite crystals are also present. The idiomorphic feldspars are largely
converted to epidote and micaceous minerals. Grains of ilmenite or
titaniferous iron ore partly converted to titanite are rather abundaunt.
The groundmass is apparently holocrystalline and consists chiefly of
small feldspar microlites mixed with small grains of uralite and chlorite.
The rock is a typical hornblende-augite-porphyrite.

A specimen from the lower Quaker IIill road near the edge of the
map (57 N. C,) is dark-gray in color with a brownish tinge, and indis-
tinctly porphyritic by small feldspar and augite prisms. It contains
abundant pyrrhotite, In thin section the colorless, prettily idiomor-
phic angites are partly uralitized, the feldspars being completely decom-
posed to epidote, micaceous aggregates, and cloudy masses, probably
kaolinite. The groundmass is holocrystalline and consists of medinm-
sized feldspar microlites, with uralite grains, chlorite, and a little dirty-
brown biotite; thereis very little nagnetite, but pyrrhotite is extremely
abundant and apparently of secondary origin. In strueture this rock
stands between a diabase-porphyrite and an augite-porphyrite.

The rock from the extreme southeast corner of the Banner Hill area
is a4 very decomposed, fine-grained, but otherwise normal diabase.

A specimen taken at a place where Banner Hill bears N. 36° W. and
is 4,500 feet distant, is a dark-green, coarse, granular rock composed of
large (up to 5 mm. in diameter) augite crystals and grains, light-green
in color and- surrounded by a rim of black hornblende. Between the
augites lies finer-grained white feldspar. The microscope shows large
grainsand imperfect crystals, often-twinned, of clear, and colorless augite,
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usually surrounded by a border richer in inclusions, chiefly small frag-
ments of brown horublende; this again is surrounded by an outer rim
of ¢lear brown hornblende, bearing every evidence of being a primary
_constituent. There are grains of magnetite or ilmenite in the horu-
blende, and also much leucoxene. Pyrite occurs occasionally, with
cllorite or intergrown with magnetite. The plagioclase is related to
Iabradorite and occurs in smaller, sharply lath-shaped crystals between
the large angites; it is frequently included in the hornblende, more
rarely in the aungite. Between the laths lies brown hornblende,
more rarely augite, occasionally also quartz. A little chlorite, epidote,
and uralite occur in the rock. The structure of the rock is distinetly
diabasic.

Still another rock, occurring on the Quaker Hill road near the east-
ern limit of the special sheet, is amedium-grained hornblende-diabase.
Both the brown hornblende and the feldspars are partly idiomorphic,
though sometimes the latter determines the outlines of the former.
This rock is extremely rich in probably secondary pyrrhotite.

Composition.——No analyses of these rocks have been made. On the
whole the composition is doubtless that of a diabase, though the porphy-
rites may be somewhat more acid. Quartz-porphyrites do not appear
to occur here.

Weathering.—The rock weathers to a deep, reddish-brown soil of
clayey character. The disintegration of the rock has, however, not
attained any depth approaching that of the granodiorites.

Relation to other rocks.—On the northwest the area borders against
the argillites of Banner Hill, and the contact is of a complicated char-
acter, a zone of contact-breccia half a mile wide separating the two
formations. There are, in fact, no distinct contacts. The massive rocks
gradually change to a porphyrite-breccia of generally small, brown or
greenish, firmly welded, angular fragments of hornblende- and augite-
porphyrites, with from cryptocrystalline to pilotaxitic groundmass; the
feldspars are usunally exceedingly altered and uralitic aggregates are
common. Besides, the breccia contains wmore or less numerous sharp,
gray to brownish fragments of siliceous argillite, often of the appear-
ance of hornfels. This breccia is characterized by containing a very
large amount of pyrrhotite and a little pyrite, while magnétite gener-
ally is absent. The pyrrhotite appears to be, largely at least, secondary
and due to metamorphic processes.

Northwesterly over the summit of Banner Hill the sedimentary frag-
ments increase, entirely predominating in the breeccia, which then
finally grades into unbroken argillite.

THE PITTSBURG DIABASE AND PORPHYRITE AREA,

Baxtent.—Beginning in the southwest corner of the Banner Hill tract
and extending diagonally across the Nevada City tract, is a large area
of rocks of dark-green color and diabasic or porphyritic character.



62 GOLD-QUARTZ VEINS OF NEVADA CITY AND GRASS VALLEY.

Separated by the Mariposa slates, a part of it extends north of the
Jrair-ground, and, appearing again on the north side of the andesite
hill, continues as a narrow dikelike mass in the diorite of Pleasant
Flat. The northwestern part of the main area is very much altered by
metamorphic processes, which indced to some extent have affected the
whole mass and must be described separately.

Deseription of rocks.—Going up the northern branch of Wolf Creek,
above the Washington mine, one meets with a great variety of coarser
diabases and hornblende-diabases with finer-grained hornblende-por-
phyrites. In the southwest corner of the Banner Hill tract the horn-
blende-porphyrites prevail. A specimen of these, taken at Thomas ranch
(89 N. C.), carries in a dark brownish-gray groundmass feldspar crystals
1 to 2 mm, long and larger black hornblende needles.

Under the microscope the porphyritic feldspars appear very much
altered into micaceons aggregates. The brown idiomorphic hornblende
is partly converted to green uralite with slightly smaller extinetion.
The groundmass is pilotaxitie, chiefly feldspathic, and shows flow
structure around the phenocrysts. Small foils of brown mieca, also a
little chlorite and uralite, oceur in the groundmass. DPyrite is rather
plentiful, often intergrown with magnetite. Both magnetite and pyrite
ocenr as grains in apparently fresh hornblende,

This rock was partly analyzed by Dr. H. N. Stokes, with the follow-
g result: :

Per cent.
_ - _ —
10 [ 59.17 |

These figures would indicate a rock with some guartz and a soda-lime
feldspar approaching andesine.

Along the crest of the ridge aud about Herrmg s reservoir the rocks
are, as a rule, fine-grained to dense, and of dark-green to dark brown-
ish-green color. The microscope shows them to be tuffs of augite- and
hornblende-porphyrites containing swmall fragments of these rocks,
Jarger anhedral grains of augite or feldspar, and some fragments of
sedimentary rocks. About the Pittsburg mine and from there on north-
westward, greatly altered, dark-green, medium-grained diabasic rocks
prevail. The augite, nearly always morc or less uralitized, is very
prowminent and occurs as anhedral or roughly idiomorphic grains which
often show a tendency to become porphyritic, Where, besides this,
the quantity of augite is great, transitions to the fourchites are formed;
such are the rocks in Wood’s Ravine, 1,200 fect below the Nevada City
mill, and on Gold Flat, 300 feet west of East Orleans tunnel. The






64 GOLD-QUARTZ VEINS OF NEVADA CITY AND GRASS VALLEY.

THE PLEASANT FLAT URALITE-DIABASE DIKES,

Occurrence.~—Across the diorite mass of Pleasant Flat extends a
narrow area of fine-grained, dark-green rock, very evidently the
continuation of the porphyrite area north of the Fair-ground, and
similar rocks are found at many other places in the diorite area.

According to the evidence obtained at the narrow promontory sepa-
rating Pleasant Iflat from Stocking Ilat, as well as at several other
localities in the vicinity, this rock occurs as dikes in the diorite. On
the hillsides the deep weathering makes the contacts nncertain. Very
fine dikes, fronr 4 to 6 feet wide, of the same rock are exposed at the
contact of diorite and serpentine at the head of Stocking IMlat; they
also oceur in the serpentine.

Description of rocks.—All theserocks are chiefiy fine-grained diabases,
greatly altered by uralitization, which as a rule has left no augite, and
by a more or less extensive recrystallization of the whole mass. A
specimen from the contact dike, head of Stocking IFlat (168 N. C.), con-
sists of small grains and imperfect crystals of uralite in a feldspar mass
which on the whole has a diabasic structure, although many of the
feldspar laths are imperfect and transitions to dioritic structure appear.
The character of the feldspars can not be well determined under the
microscope, as very much secondary biotite and hornblende bas devel-
-oped in them. Ihnenife or titaniferous iron ore is present, but not auy

pyrite.
A partial analysis of this rock by Dr. Peter Fireman gave:

Per cent.
8i0,... ... e e et e e e e a—— - 51.29
Cal. e o, e e 6.57
L o B A .34
NasO . i i e e e aamaaaa 4,39

Taking into consideration the fact that several per cent of the lime
must belong to the uralite, it is apparent that the feldspar approaches
an andesine. '

One of these uralite-diabases contains a few small prisms of brown-
ish, probably primary, hornblende, and in the same arca are many
smaller dikes of hornblende-porphyrite. '

Weathering.—Like the Banner Hill diabase and porphyrite, the rocks
in this area are deeply decomposed, and weather on the surface to the
same dark-red clayey soil, from which occasional outcrops of more
resistant rocks protrude. This fact makes it extremely difficult, except
along the more deeply trenched creeks, to clear up the genetic relations
of the different varieties and their relation to other formafions. On

the Red Hill, and especially on the slope of Deer Creek facing north,

por
A
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the surface decomposition and oxidation reaches a depth of 20 feet or
more.

Relation to other rocks,—Toward the- argillites and schists of the
Calaveras formation the diabase and porphyrite border with intrnsive
contact. In the southwestern part of the Banner Hill tract there are
abundant contact breccias and dikes in the argillites. At the bluff
just east of the Home mine (Deer Creek) the nearly massive uralite-
diabase cuts across the Calaveras contact-metamorphosed quartzitic
schists, showing the later and intrusive character of the former.

From the Home mine northward there are many dikes of diabase in
the sedimentary schists. To some extent they are pressed and con-
verted into secondary aggregates, but at many places, such as below
the Wyoming mill and in Woods Ravine below the Nevada City mill,
the relation of the two rocks is unmistakable.

The Mariposa clay-slates appear, as indicated by the relations stated
above, to have been laid down practically contemporaneously with the
eruption of the diabases and porphyrites; this is further confirmed by
the tuffaceous exposures in the Merrimac mine and a short distance
above the Washington mine, where the tuffs gradually chaunge into
clay-slates, a relation expressed on the map by the interlocking char-
acter of the contacts.

The relation of the series to the diorites and serpentines has already
been referred to.

THE DIABASE DIXKES IN THE MARYLAND SERPENTINE.

To the north of the railroad in the vicinity of the Maryland mine the
serpentine contains a number of diabase dikes, usnally folowing the
same direction as the veins of the ldalo system, that is, west-northwest.
The width of these dikes ranges up to 50 or 100 feet., The best pre-
served rock is found in the hanging wall of the Kentucky mine; it is .
hard, greenish-gray, medium-grained, and contains small grains of
-pyrite. Under the microscope the more or less regalar Iath-shaped
feldspars with narrow striation and cxtinctions saggesting andesine
are prominent, and their arraugement is that of the normal diabase
structure; they contain abundant chlorite and white mica. There are
remains of colorless augite, but the mineral is mostly converted into
uralite, epidote, and chlorite, the latter filling the triangular interstices
between the feldspars. The titaniferous iron oreis converted into milky
titanite,

Other dikes on the Nevada City road opposite the Coe shaft and 500
feet northeast of it are similar, the latter containing remains of brown
hornblende. The dike-like mass beginning north of the Maryland mine
and extending up toward the Spring Hill is extremely affected by chlo-
ritic decomposition, but was once probably a diabase. ‘

17 GEoOL, PT 2 5
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THE MARYLAND DIABASE AREA.

Ertent.—Beginning on South Wolf Creek, this area extends up to
the reservoir southeast of the Maryland mine in a rough crescent form.

Description of rocks.—The rocks are dark-green, medium- to fine-
grained, normal diabases, characterized by the presence of dark-brown
hornblende besides the augite. '

A typical rock, unusually fresh, occurs on this road 425 feet west of
the reservoir above the Maryland mine (121 G. V.). It is medium-
grained and carries much pyrrhotite in small grains.

Under the microscope the feldspars appear in long lath-like form, in
part also as irregular grains. The twin Jamell® are rather broad, but
the symmetrical extinetions indicate that the prevailing feldspar is less
basic than the labradorite. Between the laths lies, in places, a little of
a fine-grained, interwoven aggregate of feldspar, sometimes showing an
approximation to spherulitic structure. The augite is colorless and
shows imperfect outlines, indicating that its recrystallization in part
preceded that of the feldspar. Most of the augites are surrounded by
a fringe of evidently primary brown hornblende. There is very little
ilmenite or titaniciron ore, but a large amount of pyrrhotite and pyrite,
the occurrence of which in the fresh augite and feldspar renders its pri-
mary character evident (fig. 2). Some of the interstices between the
feldspars are filled by chlorite.

An analysis of this rock by Dr. H. N. Stokes gave:

Per cent.

) L0 2 51.01
6 .98
PaOs e oo e e e e i e et ieeeaeaeeaaan L7
Gl e i e metaemeaicanns Trace.
AL Os. e e e e, 11. 89
03 T 04
Fe05(@) wnvv vemm oo et e e e e 1.57
FeO(@) e i i e e i e 6. 08
o E 1.73
L T Trace.
L 10. 36
L 0 R 8,87
KO e i e e caea.- 15
NasO o it e eie e s e cssececacnanceecsncnansnaann 4,17
H,0 below 110°C. ..o ..oneo. ... s .24
HiOabove 110°C . . o caee i v iireeiican e 2.09
99.35

a Approximate only, because of presence of sulphides.

e
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typical uralite-diabase. Between large, long, and slender laths of feld-
spar, well filled with secondary epidote, lies fibrous, pale-green, uralitic
hornblende. Narrow veins of a white mineral cross the specimen,
evidently related to epidote, but showing exceptionally low colors of
interference; the extinction is oblique to the well-developed cleavage.
A partial analysis by Mr. George Steiger showed the mineral to contain:

Per cent,
1 42.30
Al:O; (with some Fe,O3) .. oo oo vnee oo oL 30.10
Cal e i 17.30 |
MgO il e e Very little.
Ignition ... .. L e 4. 7OJ

The mineral must thus be regarded as an epidote exceptionally poor
in iromn.

The rock in the sharp railroad curve 2,100 feet south of the Maryland
mine is very fine grained uralitic diabase, in which, however, the typical
strncture is less well developed. Remains of augite and, brown horn-
blende were noted. The glide contains veins filled with white epidote
and chlorite, together with a secondary mineral with strong double
refraction, probably scapolite.

Relation to other rocks.—The irregular contact toward the gabbro on
the west has already been noted, the diabase intruding as dikes in the
former rock. Oun the northeast the contact toward the serpentine is
distinet. On the east the diabase borders, with extremely indistinct con-
tact, more in the nature of a transition, toward the schistose porphyrite-

breccia.
THE AUGITE-SYENITE OF SOUTH WOLF CREEK,

Half a mile east of the Grass Valley railroad station is a small area
of a grayish-green, medinm-grained rock of diabasic appearance, usu-
ally containing scattered grains of pyrrhotite. The rock occurring 1,200
feet west of the lower sulphuret works (64 G. V.) consists, as seen in
thin section, of lath-shaped plagioclase crystals much clouded and filled
with micaceous products, and augite as short stout crystals or filling tri-
angular interstices between the feldspar lathis. Cementing all these
constituents is a fresher and clearer feldspar without twin lamelle,
which evidently is orthoclase. Small amouunts of uralite and chlorite
are present, while most of the titanic iron ores are converted to leu-
coxene. A partial analysis of this rock by Dr. H. N. Stokes gave:

Per cent.
10 7 51.47
7 0 7.72
KO........ e e e e em e aeaaa 3.76
Nﬂ:zo ............................................ 2. 92

o



LINDGREN. ] DIABASE AND PORPHYRITE GROUP. 69

The presence of suech a large quantity of K,0 in this rock is remark-
able and allies it to the augite-syenites, or more correctly to the
monzouites of Brogger. It is not, however, probable that it is a geo-
logically independent body, for its affiliations are clearly with the
Maryland diabase area, and it is probably only a facies of that rock.
The relations of this area to the surrounding serpentine and Calaveras
formation are obscured by the extensive weathering.

THE DIABASE AND PORPHYRITE DIKES IN THE CALAVERAS FORMA-
TION OF GRASS VALLEY.

The medium-grained to aphanitic, dark-green dikes in the Calaveras
formation nearest to the granodiorite are, as a rule, fine-grained dia-
bases and diabase-porphyrites, uralitized in part. They frequently
contain pyrrhotite intergrown with black irvon ores; at least a partof
this pyrrhotite is probably prinary. The exposures are not satisfac-
tory, the dikes occurring in the central part of the city.

From the Crown Point to north of the New Eureka there extends, in
closest connection with the serpentine, a series of dike like masses of
varying structure. They are chiefly diabasic rotks consisting of augite
surrourided by brown hornblende, feldspars without pronounced lath
shape and often not striated, pyrrhotite, and black iron ores. But
horublende-augite-porphyrites with fine-grained, holocrystalline ground-
mass also oceur. All of these rocks are intensely altered; the augite
and hornblende is changed to uralite, bastite, serpentine, and chlorite;
the serpentinization is sometiines very pronounced; the feldspars are
altered to strongly bi-refracting aggregates, which in part are musco-
vite, in part probably a scapolite. The black iron ores are converted
into leucoxene and chlorite. while sometimes secondary pyrrhotite is
also fonnd. . ’

In the New Eureka shaft a series of very peculiar altered serpeutinoid
rocks were found, consisting of a fine felted mass of chlorite and ser-
pentine containing large distinet foils of white and reddish-brown mica.
It seems evident that the diabase and porphyrite are here under-
going a process of serpentinization, but in what degree the serpentine
to the northwest has resulted from these rocks is not clear.

In the St. John shaft a very varied and interesting series of rocks
havebeen exposed. Therelations of the serpentiue to this are indicated
in fig. 21, p. 220. The rocks comprise hornblende-diabases, sometimes
also with primary brown mica; granular rocks consisting of reddish-
brown mica, feldspar, and abundant quartz; and, finally, grayish-green
quartz-hornblende-porphyrites. The latter carry idiomorphic horn-
blende and feldspar in a holoerystalline groundmass made up of imper-
fectly lath-like plagioclase, between which lies unstriated feldspar and
quartz. Nearly all of the rocks carry pyrrhotite in intergrowth with
magnetite, and the former is.in part quite surely primary. The min-
erals in the rocks are extremely altered to bastite, chlorite, micaceous
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The second of these (34 G.V.) is a medium-grained, dark-green,
fresh rock in which the black pyroxene and light-green feldspars are
plainly visible, Grains of pyrite and pyrrhotite are scattered through
the mass. Under the microscope the rock is shown to be very fresh,
almost the only secondary mineral being a little chlorite associated
with the hornblende.

The plagioclase occurs partly as long, lath-like crystals with narrow
striation, the extinetion indicating an oligoclase or andesine, partly
also as irregular grains indenting the laths, the effect being often a
ragged or patched appearance. Many of the irregular feldspar grains
do not show twin lamelle. The augite forms colorless grains, rarely
idiomorphic, but often notching the feldspar laths, the whole indicating
a more or less simultaneous crystallization. The aungite is surronnded
by sharply defined, brownish-green hornblende, not always of the same
. orientation. This hornblende is evidently a later magmatic growth,
and not a secondary mineral. There is probably also a little quartz
between the feldspar grains, The black titanic iron ore, pyrite, and
pyrrhotite are clearly of primary origin, and the earliest products of
consolidation, being included in all of the other minerals (fig. 3). The
three minerals occur in very intimate intergrowth as irregular grains,
the sulphides being included in the oxide, and vice versa. The titanic
iron ore is most abundant. The structure, while in general diabasie, is
not very typically so, on account of the less perfect lath-like develop-
ment of the feldspar.

This rock was analyzed by Dr. H. N, Stokes, with the following result:

Ter cent.
L 2 53.19 -
0 1 L 1.34
POy oo e e e e e .13
L0 1 U P PRI DI
ALy, o e e e 17.12
0 T None
Feu0g () ceae e i e i . 4. 35
FOO (8) —avv e eeeeaee e el 518
FeS, (B) e el .94
DL 1 Y0 Trace.
BaO . e e Trace.
107 ¥ o 2 9.39
MEO — oo oo e e 3.98
) (O 28
NGO oo it i e e 2.79
H.Obelow 1100 C.nmn e e e e ee e 17
H:0 above 110° C oo it e e e e 1.21

100. 05

a FeO and Fe,0; only approximate, on account, of presence of sulpbides.
b Calculated as FeS,. but much Fe,(y ulso present.
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The rock is a typical diabase in composition and very similar to the
Maryland diabase. In all respects similar to this rock is the specimen
32 G, V., referred to above.

Other specimens, such as 108 G. V. and 114 G. V., at Central North
Star, show a much more typical diabase structure. They are uralite-
diabases, with a large amount of black iron ore.

The rocks in the vieinity of the North Star mine are in general finer-
grained, dark-green, and frequently porphyritic by small feldspar and
more rarely augite crystals. They mmay in general be characterized as
uralitic diabase-porphyrites ranging down into uralite-porphyrite with
pilotaxitic gronndmass. These rocks are greatly decomposed, abun-
dant c¢hlorite, epidote, and micaceous product being formed, as well as
leucoxene from the titapic iron ore. The feldspars are not recrystal-
lized as in the typical dynamo-metamorpuie areas, but alter into epi-
dote, micaceons products, and perhaps also scapolite. Segregations of
secondary products occur, chiefiy characterized by abundant epidote.
Such a segregation was found on the dump of the tunnel of the Star
placer mine in Wolf Creek, a short distance above the Owmaha mine,
and consisted of a coarse mass of epidote, maguetite, and pyrite, with
crusts of chabazite; it was assayed and found to contain 1 ounce of
silver per ton, but no gold.

A hornblende-porphyrite of fresh appearance was noted on a dump
300 feet cast of the Rocky Bar deep shaft. It probably ocecurs as a
dike in the prevailing denser diabase-porphyrite, which is filled with
epidote and pyrite. ‘

The prevailing rock at the Peabody mine is a fine-grained diabase.
In the northwestern part of the area dark-green porphyrites, with
unusually large white feldspar crystals, appear.

On the whole, there is in this area no marked dynamo-metamorphism,
but an extensive alteration, resulting chiefly in epidote, chlorite, and
pyrite, and there is evidently no new feldspar formed. This alteration
is distinct from the dynamo-metamorphism, but, on the other hand,it is
also distinet from and surely not caused by the thermal waters forming
the quartz veins. Epidote can evidently not be formed by this thermal
process, and the alteration shows besides no dependence on the quartz
veins, not growing more intense as these are approached.

Weathering.—The rock in this area is deeply decomposed and covered
by a clayey, red residual soil. The only good exposures arc afforded
by the minidg operations. This zone of extreme disintegration and
decomposition is sometimes 30 to 40 feet deep.

Relation to other rocks.—The contact on the west with the Calaveras
formation is not well exposed. Near the North Star mill a 12-foot-wide
mass of siliceons and jaspery rock, reddish or yellow, and containing
nests and cavities with chalcedonite, lies on or near the contact, but of
normal contact metamorphism there is no clear indication,
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THE OSBORNE HILL DIABASE, PORPHYRITE, AND BRECCIA AREA.

Hxtent.—This large area occupies a considerable portion of the south-
castern part of the Grass Valley tract. Beginning on South Wolf
Creek, southeast of the railroad station, it extends by the Empire and
W. Y. O. D. mines and finally forms the great promiunent ridge of
Osborne Hill. '

Description of rocks.—The rocks are in general fine-grained to apha-
nitie, dark-green, and the constituents can rarely be made out with the
naked eye. While not generally affected by dynamo-metamorphism,
the rocks are often deeply changed by chloritic and epidotic alteration.
Both massive rocks and breccias occur, '

At the northern end of the area, between the granodiorite and the
Calaveras formation, the rock is a-dark-green porphyrite-breccia with
fragments of siliceous argillite; it iy highly altered and has evidently
also been subjected to pressure. Ifilms of chlorite and secondary
hornblende obscure the relations of the minerals. Scattered grains of
magnetite and pyrite occur in intimate intergrowth.

Necar the Empire and W. Y. O. D. the rock is very fine grained nralite-

‘diabase, at the latter place very rich in pyrite. The dark-green, fine-
grained rock from the dump of the Golden Treasurc shaft consists, in
thin section, of abundant pale-green uralite in grains or roughly out-
lined crystals, containing magnetite and pyrite intergrown. The feld-
spars constitute an entirely clouded mass, once evidently forming
lath-like crystals. :

Very fine grained diabases occur in the vicinity of Houston Hill.
The structure in thin section, which with low magnifying power appears
almost pilotaxitic, becomes with higher power very typical diabasic
granular by long triclinic feldspar laths, between which lie triangular
masses, also anhedral or roughly idiomorphic crystals of colorless
augite, undergoing a direct transformation into chlorite. The titanic
iron ores are transformed into leucosene and pyrite, and pyrrhotite
appears in connection with chlorite. Often there are large quantities
of uralite and epidote and new-formed aggregates of quartz (and feld-
spar?) containing amphibole needles.

A rock from near the granodiorite contact at Leeman’s ranch, 4,000
feet east of the Omaha mine, is a dark-green, medium-grained rock of
diabasic appearance and containing a large amount of grains of pyrite.
Under the microscope its greatly altered character is evident. There
is no augite, but much brownish-green hornblende in irregular grains
and shreds. An original mass of lath-like feldspars is entirely obscured
by opaque aggregates of doubtful character, probably in part kaolin.
Allotriomorphic aggregates of secondary quartz, possibly also some
new-formed feldspar, lie between the altered feldspars. Magnetite and
pyrite, in part intimately intergrown, are scattered through the mass,
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in the feldspar, the hornblende, and the secondary quartz aggregates;
there is no calcite. The rock contains a trace of copper.

Porphyrites also occur abundantly in this area. Northeast of the
Empire hoisting works, and 1,200 feet distant, a greenish-gray rock
with small white feldspar crystals was noted. It contains scattered
grains of pyrite;. one grain of chalcopyrite was also determined.
Under the microscope the structure appears brecciated; the fragments
are of a porphyrite, the angite or hornblende being converted into
chlorite. The groundmass is very unusually fine grained, and has a
probably hypocrystalline, hyalopilitie structure, though the glass was
not identified beyond doubt; it may, however, have become devitrified.
In places the rock is amygdaloid, the cavities being tilled with chlorite.

Specimens from a shaft on the Lincoln vein, due east of the Golden
Treasure shaft, show a typical augite-porphyrite; the idiomorphic
feldspars are clouded by kaolin and strongly double-refracting aggre-
gates, possibly of scapolite; the idiomorphic augite is usually charac-
terized by porphyritic twin lamelle. The groundmass is holocrystal-
line and composed of small uralite and clouded feldspar graius. Much
pyrrhotite is present, intergrown with magnetite.

The rocks from the southern end of Osborne Hill are generally
grayish-green, highly altered porphyrites, with a strong development
of epidote.

The summit and larger part of the eastern slope of Osborne Hill is
composed of a breccia of differing coarseness, chiefly made up of frag-
ments of porphyrite and diabase-porphyrite, together with less of a
gray or brownish, fiinty, sedimentary rock. The feldspar in the porphy-
rites is usually altered to epidote and other secondary minerals, while
the augite is converted to chlorite.

Weathering.—Over practically the whole area rests residual soil of
greater or less depth, red color, and clayey character, and the expos-
ures are only rarely satisfactory.

Relation to other rocks.—The brecciated character of the rock mass
near the Calaveras formation has already been mentioned. Along the
granodiorite contact the exposures are not satisfactory at any place,
but dike-like masses of granodiorite in diabase were noted at many
places from Little Wolf Creek southward.

THE ORLEANS QUARTZ-PORPHYRITE DIKES.

Beginning near the Orleans mine and extending at least as far as the
Daisy Hill mine are a series of dikes of quartzose porphyrite, occupy-
ing a place similar to that of the dikes from the eastern part of the
Banner Hill tract or some of the rocks from the St. John mine. This
dike system probably extends farther south, as similar rocks are found
at the Lafayette tunnel and other places on the western slope of
Osborne Hill, but the outcrops are so obscured by heavy soil that it
is scarcely possible to trace the dikes farther. Besides, the quartz-
porphyrite at the Lafayette tunnel is less quartzose than that farther
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north, and appears to grade over into normal porphyrite. A typical
rock from the New Ophir claim (140 G. V.) is of light grayish-green
color and contains some epidote. The grayish phenoecrysts of feldspar,
as well as augite or hornblende, now converted into cllorite, lie in a
dense, almost flinty gronndmass.

The plagioclase phenocrysts appear, under the microscoype, filled with
epidote and micaceous products, while the augite or hornblende is con-
verted into uralite, chlorite, and epidote. The groundmass consists
either of short feldspar laths, between which lies a little quartz, as a
cement, or of a micropoikilitic intergrowth of feldspar laths and grains
with quartz.

The rock was analyzed by Dr. H. N. Stokes, with the following
result:

Per cent.
S T L I 63. 39
TiO: e e o e e e e e .44
) L T .14
AL o e e eeee e, 16. 58
Fer0; oo e e e 141
FeO . oo ieee e 3.08
MnO . e e e e Trace.
BaO .. o e e e .11
Cal . e 4,76
MO o e e 2.15
KaO o e e 2.79
NasO i i e e eaaaa. 3.47
H:Obelow 110° Co oot i e e e e .22
H,Oabove 110°C. ... oo i e 1.87

100. 41

The composition is almost identical with the quartz-porphyrite from
the Banner Hill area, the analysis of which is given elsewhere.

The relation of the quartz-porphyrite to the surrounding diabase is
not clear at the main dike, but the intrusive character is apparent in
the case of a small dike of the same material outeropping in the bed
of the creek a few hundred feet farther down.

THE AMPHIBOLITE GROUP.

DEFINITION.

Under the name “amphibolite” are here included massive or schistose
rocks composed chiefly of hornblende, usunally with smaller quantities
of quartz, feldspar, epidote, and chlorite. These rocks are here in most
cases products of dynamno-metamorphie action upon primary igneous
rocks of the composition of diabases or porphyrites.
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THE INDIAN FLAT AMPHIBOLITE AREA.

Extent.—This amphibolite area really forms the northern end of the
Pittsburg diabase and porphyrite belt. As the process by which the
amphibolites have been produced has in fact affected all of the rocks
in the belt mentioned, it is necessary to discuss to some extent the
alteration over the entire area. - It is very evident that the extreme
mechanical deformation eausing schistosity is not necessary for the
production of thoroughly metamorphic amphibolitic rocks. The rocks
designated “amphibolites” are in general sehistose, though rarely very
prominently so, and are not separated by a sharp line from the less
altered diabasic or porphyritic rocks, ’

Description of rocks.—The less schistose amphibolites and the urali-
tized diabases are not readily distinguished by the naked eye, the
fine-grained strueture and dark-green color being common to both,

The first stage in the metamorphism consists in the uralitization of
the abundant augite (and rarer horublende) in the primary rocks; at the
same time the ends of the crystals feather out in ragged and divergent
aggregates of light-green hornblende, and needles of the latter scatter
through the feldspars. It is not necessary, however, that this process
should be completed before the alteration proper begins. The latter
consists in the forming of elear, allotriomorphic granular aggregates of
generally unstriated feldspars, quartz, epidote, with abundant newly
formed green, frequently idiomorphic, hornblende and dark brown bio-
tite; this hornblende should not be designated “uralite;” the forwns
assumed are well indicated in a figure of the Conrad tunnel amphibo-
lite in a paper on the Ophir mines.! Besides these minerals, magnetite,
pyrite, and pyrrhotite are formed and contained, equivalent to the other
components, in the secondary allotriomorphic mass. This new-formed
mosaic encroaches gradually on the original minerals; the remaining
feldspars appear as remnants clouded by muscovitic minerals and epi-
dote. The eventual result is the conversion of the rock into an even-
grained, clear, and fresh mosaie, an aggregate of the secondary minerals.

Muscovitic minerals are not, as a rule, formed in this process, nor is
chlorite, though subsequent alteration may produce them in the amphi-
bolites. Very characteristic for this area is a strong development of
secondary biotite. That contact metamorphism has not caused this
alteration is indicated by the fact that the black Mariposa clay-slates,
easily susceptible to the influences of that process, are not notably
altered, while the surrounding diabasic rocks have been considerably
changed. Toward the end of the area northwest of Indian Flat, how-
ever, it is possible that contact metamorphism is in part responsible for
the alteration.

In the tuffaceous rocks from near the Herring reservoir the meta-
morphic processes are already noticeable. Uralite largely replaces

1 Fourteenth Ann. Rept. U, 8. Geol. Survey, Part IT, 1894, p. 258.
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augite, and a reddish-brown mica develops abundantly in the uralite;
in some crystals the tendency appears to be to convert the whole mass
into biotite of similar orientation. Between the original feldspars, and
also to some extent in them, the biotite is also developing, as well as
abundant needles of new amphibole (104 N. C.). In other specimens
(105 N. C.) from the same place new allotriomorphic feldspar aggregates
appear, forming with biotite and hornblende a clear mosaic. Pyrite
and pyrrhotite, as well as some black iron ores, are also among the new-
formed minerals making up the mosaic, the sulphides being formed con-
temporaneously with the biotite.

From the Pittsburg mine down to Deer Creek the prevailing rocks
are dark-green uralite-diabases; remaining kernels of augite often indi-
cate the derivation of the light, bluish-green uralite; the edges of the
uralite are extremely frayed and ragged, and needles of new-formed
hornblende penetrate the feldspar. The original feldspars are clouded
and filled with micaceous aggregates and epidote; between them and
in them new, clear mosaic aggregates are forming of feldspar, horn-
blende, quartz, ete. .

North of Deer Creek the alteration increases; the rock 1,100 feet
northwest of the Indian Flat schoolhouse is typical (161 N. C.). Itis
a fine-grained, very slightly schistose amphibolite of dark-green color.
In thin section the rock presents a blotched appearance, from the occur-
rence of larger white spots in the more even-grained prevailing mass.
The latter is a clear allotriomorphic mass of biotite and green horn-
blende in irregular but sharply defined grains and foils, with grains of
new-formed feldspar. The white spots are the remains of larger plagio-
clase crystals, now clouded and filled with minute hornblende needles.
The process by which this massis converted into the clear mosaic aggre-
gate is very well shown, the latter corroding the older feldspars in all
directions; sometimes the feldspar is cut by veins of the mosaic. In .
other rocks from this vicinity remains of angite are seen.

Toward the Oro Fino mine, beyond the area of the special sheet, the
amphibolite becomes more schistose and more completely recrystallized.

Fromn the clear, fresh character of the new mosaic and the clouded
and altered remains of older feldspar the conclusion might be drawn
that this alteration precedes the formation of the new mosaic, or, in
other words, that the rock was already considerably altered before
the dynamo-metamorphism took place. This conclusion is, however, of
doubtful value, for the new-formed feldspar is probably albite and
much more resistant to alteration than the old soda-lime feldspar.
While deformations of minerals by pressure are met with in these
rocks, they are not nearly so prominent as, for instance, in the adjoin-
ing aplitedike or in the Calaveras saudstones of Grass Valley. Quartz
being most susceptible to crushing, rocks containing it show most
plainly the purely mechanical effects of dynamo-metamorphism.
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THE BRUNSWICK AREA OF SCHISTOSE PORPHYRITE-BRECCIA,

Extent.—Beginning southeast of the Maryland mine, bordering
against diabase, this area exteunds southeasterly by the Gold Point
and Brunswick mines, adjoined on the northeast by serpentine and on
the southwest by the andesitic tuff, to beyond the limits of the special
maps. . _ ,

Description of rock.—The rock over the whole area is more or less
intensely affected by dynamo-metamorphism and has become schistose.
At the Lucky mine and at the Bruuswick the schistosity is more
strongly developed, producing. amphibolitic and chloritic fissile rocks.
Less altered rocks (97 G. V.) occur on the road along the Gold Point
ridge, at an elevation of 2,700 feet. The rock is a greenish-gray, fine-
gramed breccia, very hard and ecompact and roughly schistose. Lighter
grayish or brownish fragments of siliceous argillite appear to shade
over into the darker green fragments of porphyrite. Under the micro-
scope the porphyrites are shown to be chielly angitic, with very fine
grained, partly pilotaxitic groundmass. A large part of the augite has
been converted into uralite. The cement of the breccia is a very con-
fused mass of - chlorite, epidote, white mica, and needles of hornblende.
Grains of pyrrhotite also occur, mostly connected with chlorite.

Least altered 1s the angite-porphyrite-breccia from near the edge of
the Grass Valley tract, 500 feet east-southeast of the small Maryland
shaft on the ridge (120 G. V.). It is a dark-green, very hard, fine-
grained rock of slightly fragmental aspect. A partial analysis of this
pure breccia, by Dr. H. N. Stokes, gave:

Per cent.

o 7 L0 2SS e 47.03

l CaO ........ e e eeee amanmaeeaaceceaea e an 13.20
) £ 2 1.90
NayO . s et ettt et e et e 2.84

The low percentage of silica and Jarge amount of calcium in this
rock are somewhat exceptional; the prevailing feldspar must be of
quite basic character.

Weathering.—The surface of this area is deeply decomposed, the
dark-red, clayey soil making the exposures, as a rule, very unsatisfac-
tory. At the Gold Point mine, 136 feet from the surface, the porphy.
rite-schist is. entirely disintegrated to a crumbling yellowish rock.



CHAPTER V,

THF, SEDIMENTARY ROCKS OF THE BED-ROCK SERIES, '

GENERAL FEATURES.

The sedimentary rocks, consisting of clay-slate (argillite), siliceous
argillite, quartzitic sandstone, and chert, occupy relatively small areas
in the tracts described. Only rarely can the stratification be recog-
nized, and it is then about vertical, and approximately coincides with
the schistosity. The latter is always nearly perpendicular, though a
slight dip to the east may sometimes be recognized.

CALAVERAS FORMATION,

DEFINITION.

The Calaveras formation includes the sedimentary rocks of Paleozoic
age occurring in the Gold Belt. It is believed on good grounds that
most of this formation belongs to the Carboniferous, but it is possible
that older rocks may also be present, the scarcity of fossils making
identification difficult.

In the areas referred to this formation no fossils have been found,
and the evidence of age is only circumstantial. The beds are altered,
but not in geueral completely recrystallized, though,under the influence
of dynamic and contact metamorphism, they grade into normal crys-
talline schists.

The areas in the Grass Valley tract are the continuation of the sedi-
mentary formations about Auburn and Colfax, in which a few fossils
distinectly indicating Lower Carboniferous age have been found. The
best locality is at the old limestone quarry 2 miles west of Colfax, from
which Mr. C. D. Walcott has identified the characteristic corals Clisio-
phyllum gabbi Meek and Lithostrotion whitneyi var. sublevis Meek.
The areas in the Banner Hill tract are the continuation of the series
extending up by North Bloomfield and the Delhi mine, in which masses
of limestone with crinoid stems have been found along the South Yuba
River, indicating at least a Paleozoic age.

These sedimentary rocks are more resistant to weathering tnan the
granodiorite, and in the Banner Hill and Nevada City tracts form a
ring of hills rising like an amphitheater atound the broad depression

occupied by the granodiorite.
79
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THE FEDERAL LOAN AREA.

Rock description.—The Federal Loan area contains, well exposed in
the deep canyon of Deer Creek, a very peculiar sedimentary rock, black
to dark-brown in color, very hard and dense, with a fracture ranging
from imperfectly conchoidal to splintery. Minute grains of sulphides
are abundantly scattered through it, It only rarely, and theu in
decomposed outcrops, shows a trace of schistosity, but is in general
entirely massive. It looks much hke certain very dense products of
contact metamorphism, usually called hornfels, but the extent of the
area outside of the special map shows that 1ts occurrence is not depend-
ent on the proximity of the gramitic rocks. On the contrary, it forms
an important part of the Calaveras formation in the area of the Colfux
sheet, beginning north of Colfax and extending, several miles wide and
magnificeutly exposed 1 the canyons of the South and Middle Yuba,
up to the northern limit of that sheet, where it is ecut off by igneous
rocks. Within this area it becomes schistose in streaks, and then
appears as siliceous clay-slate; it also contains some smaller lenses of
limestone with crinoid stems (South Yuba Canyon). - This rock may
for the present purpose be called siliceous argillite, the word argillite
being used to designate a fine-grained, clayey, sedimentary rock,
whether schistose or not, which has undergone some alteration. It
presents some similarity to the cherts of certain sedimentary series,
but it does not occur in distinct layers as the radiolarian chert (phthan-
ite) of the Coast Ranges, nor is it, like certain other cherts, derived
from limestone. A certain similarity to lydite (Kieselschiefer) is also
noted, but it contains much less silica than either chertor lydite, Tt is
probablyto be regarded as having been originally deposited asa siliceous
clay, partly by the agency of radiolarian organisms, of which there are,
indeed, indistinct traces in the rock. The metamorphism which the
rock has undergone can not, as stated above, be regarded as contact
metamorphism, but 1s more likely part of the regional and evidently
dynamie metamorphismn which has affected all of the secdimentary rocks
of the Calaveras formation.

In the excellent outcrops along Deer Creek above Federal Loan, the
black siliceous roek is seen to contain indefinite streaks of lighter color,
which have a general north-south direction; thismay be afaint remain-
ing trace of stratification.

A rock from the ditch opposite Federal Loan, and 1,300 feet fromn the
contact (23 N. C.), corresponds well to the above description; pyrrho-
tite is contained in minute grains and veinlets.

Under the microscope it resolves into an extremely ﬁne grained,
allotriomorphic, holoerystalline aggregate of quartz and probably feld-
spar. Very intimately intermingled with this mosaic are small flakes of
reddish-brown biotite, and there are abundant larger and smaller
grains of pyrrhotite, in all probability of contemporaneouns formation
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with the biotite. A little carbonaceons organic matter is also present,
The slide is dotted by a few small round and clear spots of a coarser
quartz aggregate. It is not impossible that these may be radiolarian
remains. |

Jhe unaltered -wall-rock from the Federal Loan mine (35 N, C.) is of
similar appearance, but contains a few grains of pyrite, besides pyr-
rhotite and minute seams of calcite, noticeable only upon treatment
with hydrochloric acid.

Under the microscope it appears a little coarser than the rock just
descriped, and presents remains of a clastie strueture by larger rounded
grains of quartz or feldspar. The main mass is the same intimate mix-
ture of brown, in.-part idiomorphic biotite foils and allotriomorphic
quartz-feldspar mass. The feldspar is not quite fresh,-being in part
filled with micaceous minerals. Most of the sulphides are undoubtedly
contemporaneous with the formation of the mosaie.

This rock was analyzed by Dr. W. F, Hillebrand, with the following
result:

Analysis of wall rock from Federal Loan mine.

Per cent.
3 L 2 fomees o "73.63
B0 0 2 S .52
ALOg oottt e e ... 10,54
FeiOsa - o i e iitareer e } 1.87
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75 0 Trace.
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HiObelow 1100 C. .. et e ieeceemans A1
H;0 above110° C.eee e oo, e reemanraanan 1.07

- 100, 387

e Because of organic matier and seluble sulphide, the FeO could not be esiimated ; therefore all iron
after deduction of that necded for Fe,0j is counted as FeO.

The analysis shows that the rock is not a lydite or ¢ Kieselschiefer,”
as it contains too little silica. On the whole, the composition is similar
to that of many so-called ¢ Hilleflinta,” although in the latter rock the

17 GEOL, PT 2——6
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original clastic structure is wholly lost. It is too acid, on the other
hand, for an ordinary argillite.

Weathering.—On the summits of the ridges this rock weathers to a
white, soft, clayey mass, such as is exposed along the road to Scotts
Flat, a little east of the eastern boundary of the sheet. The weathering
is not, however, deep, aud the rock on the whole shows comparatively
great registance to this process. Red soil, washed down from the adja-
cent masses of andesite and porphyrite, usunally covers the surface,

Contact metamorphism.—For a few hundred feet from the contact
the siliceous argillites are altered to more crystalline rocks; the best
exposures are found in Deer Creek below the Federal TLoan. The con-
tact is extremely sharp, and near it, as mentioned, a dike of fresh
granodiorite occurs in the altered rock. For the first few feet from the
contact the sedimentary rocks are converted into medium-grained,
grayish, slightly schistose, gneissoid rocks; the grain is of varying
coarseness, and the rock presents a spotted appearance from the irreg-
ular distribution of the biotite, occurring abundantly as small black
foils. A thin section 2 feet from the contact shows a coarse mosaic
structure of quartz and feldspar without twin striation, with a few
roughly lath-like plagioclase crystals and much reddish-brown biotite
in straight foils, in part altered to chlorite. Five feet from the contact
the grain of the rock is already finer, and in thin section the mosaic
structure of quartz and some not twinned feldspars becomes more pro-
nounced. Abundant small biotite foils and a feW cubes of pyrite are
inclosed in the fresh quartz grains.

For a few hundred feet back from the contact the rocks show a grad-
ually diminishing grain uutil the normal structure, previously described,
is attained. The typical contact rocks of this type are of brownish or
brownisli-violet color, fine-grained, but not fliuty or splintery, and the
biotite foils in them may be observed with the magnifying glass.

In thin section these rocks consist of a fine-grained mosaic of quartz
and unstriated feldspar, easily resolved by a No. 4 Hartnack objective.
Larger foils of reddish-brown mica with irregularly rounded outlines
lie between the grains. The biotite is partly converted into chlorite.
In the clear mosai¢c grains are embedded a great nnmber of small
biotite foils, the larger hexagonal, the smaller with rounded outlines;
‘magnetite, pyrite, and probably also pyrrhotite, are embedded mostly
as small crystals in the fresh quartz and feldspar mass. The sulphides
are without doubt formed contemporaneously with the other contact

minerals. ,
THE BANNER HILL AREA.

The sedimentary rocks occupy the northwestern steep slope of Ban-
ner Hill, T.ess altered black argillites of imperfectly schistose charac-
ter occur at the old Banner mine and in the small area south of the
andesite, while along the contact near the North Banner mine and up
the creek hornfels or contact-metamorphosed siliceous argillites prevail.

Occupying the broad belt across the summit of Banner Hill is a
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brecciated zone consisting chiefly of a hard, compact, and well-
cemented mass of angular, gray to brown fragments of the same rock
that has been described as siliceous argillite from the Federal Loan
area.

In thin section the latter rock appears with its characteristic, ex-
tremely fine allotriomorphic structure, but with less biotite than near
the I"ederal Loan; other fragmments are of igneous rocks, and are iden-
tical with the augite and hornblende porphyrites of the adjoining
Banner Hill area. The ammount of the igneous fragments gradually
increases until near that area they prevail and only occasionally gray
or brown fragments of the sedimentary rocks appear. The igneons
fragments are generally well preserved and show unaltered brown
hornblende and greeuish angite.

Very characteristic of this breccia is a recrystallization effected
between the fragments and also in the sedimentary rock pieces. Allot-
riomorphic mosaics, sometimes rather coarse, have been formed, and
consist of quartz, possibly also some feldspar, with a pale-green,
anhedral mineral which from its cleavage and extinctions must be a
monoclinic pyroxene, perhaps malacolite, though the small size of the
grains did not permit its positive identification; it is certainly not an
epidote. More slender greenish needles in the same secondary aggre-
gate are a very light green amphibole. With this mineral combination
is associated abundant pyrrhotite, giving evidence of direct connection
with it by being surrounded by rims of the same pyroxenic mineral.
This pyrrhotite is thus not connected with or formed by the auriferous
vein solutions.

A fine-grained quartzitic rock occurring at the head of Little Deer
Creek consists of a wholly crystalline allotriomorphic quartz-feldspar
mosaic and abundant small grains of monoclinic pyroxene. This pecul-
_ iar metamorphism of the Banner Hill breccia is interesting, and its
cause is not quite clear. It may be the result of contact-metamorphic
action of the porphyrite. It can bardly be due to the granodiorite,
and of dynamo-metamorphism there is no indication.

THE CANADA HILL AREA.

The ridge to the south of Canada Hill consists largely of argillite,
evidently the continuation of the Banner Hill area, covered in part by
the andesitic flows. Over the larger part the exposures are very poor,
but it is clear that the rock is not much altered. The prevailing rock
is a Dblack argillite with much carbonaceous matter, weathering gray
and white and breaking in shelly pieces without clear schistosity. Itis
much softer than the Federal Loan rock, and does not have the splin-
tery fracture of the latter. Where the area narrows, near the edge of
the Banner Hill tract, a vertical schistosity about parallel to the grano-
diorite contact begins to appear. The original bedding of the rock is
not clearly indicated.

Along the contact with the granodiorite there is a gradually fading
contact zone of hornfels a few hundred feet wide.
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THE NEVADA CITY AREA.

Extent and general character.—As a narrow belt, from 400 to 1,500
feet wide, and closely following the granodiorite-contact, the Paleozoic
rocks of thc Calaveras formation cross the Nevada Clty tract in a
general northwesterly direction.

The rocks are generally very distinetly schistose and consist of black
argillites or clay-slates, siliceons argillites, and quartzitic and -mica:
ceous schists. In the southeastern part a zone of contact-metamorphic
rocks, a few hundred feet wide, lies next to the contaet, while from
near the Providence mine northward the whole belt is composed ‘of
highly altered sehists, but whether all of this should be credlted to the
effects of contact met;amorplnsm is doubtful. .

Description of rocks.—Black, more or less fissile argillites occupy the
eastern part of the area. The exposures arc very poor; diabase-por-
phyrites, some very rich in pyroxene, occur as detached masses in the
slate, and smaller masses of slate are embedded in the igneous rock.

Good exposures are noted where the creek draining Gold Flit crosses
the area. Just south of the Orleans vein in this ereek is a ctopping of
hard, brownish, schistose hornfels, with alternating lighter and darker
streaks, probably indicating stratification; the schistosity is parallel
to these and to the contact; the dip is 85° N. Flat joints dipping
east intersect the schist. At Orleans shaft there are some gueissoid
contact metamorphics and black clay-slate with knotty surface (Knotén-
schiefer). The contact metamorphism extends only 500 or 600 feet.
Nearer to the diabase, in the same creek, are exposed fisstle, dull-black
slates containing mnch carbonaceous matter and finely disseminated
pyrite; in these thcre is no indication of contact metamorphism.- '

Near the road south of the snlphuret works there are outcrops ot
fissile, weathered, knotty slates of silvery-gray color.

At the Fortuna mine the contact metamorphisin is not strongly 1nd1~
cated. There are black, sooty, slightly knotty clay- slates and harder
siliceous slates of -a brownish color, indicating a development of biotite.

Farther west the metamnorphism becomes more intense, and unaltered
slates are no more seen. In the vicinity of the Crosby shaft some
highly altered contact schists, streaked brown and green, are exposed,
while the dumps indicate that the sedimentary rocks contain many
diabasic dikes. .

Brownish, highly altered, micaceous schists appear near the contact
at the Providence mine. The good outerops in the bluff near the Home
mine show a fine-grained schist streaked brown and green by alternat-
ing developments of hornblendc and biotite. The blufl’ is cut by joints
dipping east and west at moderate angles, and the dark-green diabasic
rocks, not at all or very imperfectly schistose in places, cut squarely
across the schistose sedimentary rocks. '

On the opposite side of Deer Creek, below the Wyoming mill, occurs
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a (lark'-brown, imperfectly fissile argillite with a somewhat knotty sur-
face and showing under the microscope a very fine grained, allotriomor-
phic mass of quartz, feldspar, and Dbiotite, with much carbonaceous
matter. Somewhat schistose, dike-like masses of amphibolitic IOCK are
contained in this argillite.

On the dump of the Wyoming upper shaft were noted dark- brown
fine- -grained, crystalline slates with much pyrrhotite in fine dlssemma-_
tion, certain streaks being richer in that nineral than others,.-

\ In Wood’s Ravine, below the Nevada City mill, good exposures are
found of fine grained schists, streake« grcembh and brown, cut by
diabasic veins and in places containing small, lenticular, and pressedd"
quartz veins, possibly the result of an older period of quartz formation
than that to which the productive veins beloug.

- From here on northward the rocks are prineipally fine-grained, brown-
ish schists, streaked brown, green, and gray, and often with hornstone-
like fracture; there are also some greenish amphibolitic schists, which
appear to represent pressed rock of originally diabasic character. In
thin section the prevailing rocks consist of fine-grained quartz-feld-
spar mosaic with sharply outlined grains and flakes of hornblende,
epidote, and biotite, and often 'show a streaky appearance by the
arrangement of the latter minerals. This rapid variation and the usu-
ally predominant biotite separate them from the slaty amphibolites on
the west. - '

Relation to other rocks.—These sedimentary rocks are distinetly older
than the granodiorite on the east and the diabasic rocks on the west,
both acting as intrusives toward the Calaveras slates. Some of the
diabaxic dikes show relatively slight alteration, while others are con-
verted into amnphibolitic rocks. Whether this is due to a difference in
age of the latter or to diftering intensity of the dynamo-metamorphic
action is not certain,

The schistosity is in general parallel to the granodiorite contact, but
trom this the conclusion mnst not be drawn that the pressure from the
intrnsive granodiorite has produced the schistosity. In details, such
as in the exposures in the crosscut on level 3 in the Nevada City mine,
it is shown that the granodiorite cuts across the schistosity, which evi-
dently was as strongly present at the time of the intrusion as it is now.
No doubt the granodiorite has exerted a strong pressure on the schist
masses, but it has mainly a pushing and bending action on the already
formed schists. Toward the Coan mine the schistosity makes a dlstmct
angle with the contact line.

The question of how far the alteration of the slates is due to contact
metamorphism is an obscure one. To judge from available evidence
from other parts of the special maps, the contact-metamorphosing
action has not extended beyond a distance of a few hundred or a thou-
satd teet.

r
-
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THE GRASS VALLEY AREA,

General description.—This belt of sedimentary rocks, 1,000 to 2,500
feet wide, extends across the northeastern part of Grass Valley. To
the northwest it extends under the covering area of andesitic mate-
rial, as indicated by the dumps at the various shafts along the Alta
channel. To the southeast it also probably continues nnder the ande-
sites, as indicated by the small areas northeast and cast of the Electric
mine, The outcrops are very unsatisfactory, and consist chiefly of a
grayish, medium to coarse grained, quartzitic sandstone and a very
carbonaceous clay-slate. The former is characterized by many grains
of dark-gray quartz. Near the granodiorite harder, dark-brown,
contact-metamorphic rocks appear.

Fresh rocks found in the New Enreka and Crown Point mines look
very different. They are hard, black, quartzitic sandstones, composed
chiefly of small, clear grains of quartz and similar black argillites with
imperfect cleavage, breaking m irregular fragments with smooth, glis-
tening surfaces. The argillites contain many larger clastic fragments,
chiefly of quartz, and both rocks contain pyrrhotite in great abundance
as grains and seams with quartz. A little erystalline limestoune of dark
color was found on the New Hureka dump.

Microscopic deseription.—Under the microscope these rocks present
several interesting features. The whole series appears extremely
afiected by dynamo-metamorphic action, most intensely manifested in
crushing and fracturing, The clay-slates are comnosed of very fine
grained aggregates with abundant newly formed muscovite, sometimes
biting into the quartz grains, and much carbonaceons substance. A
few larger crnshed clastic grains were noted. Extreme crushing has
practically converted some rocks to a breceia, traversed by small white
veins, described below. Others show a pressed structure parallel to the
cleavage, and some clastic grains are elongated in the same direction.
Grains of pyrrhotite are very abundant throughonut.

Still more interesting are the quartzitic sandstones (72, 73 G. V.).
The clastic grains are chiefly qnartz, while some feldspar, in part with
twin lamella, is also present. Curved lines of fracture and small veins,
chiefly of calcite and quartz, traverse the slides. The cement is
recrystallized into an irregularly intergrown aggregate of quartz and
feldspar with shreds of biotite, muscovite, and chlorite. Pyrrhotite
also enters into the composition of this new-formed mass, and consid-
erable organic matter is present. A few crystals of bluish-gray tour-
maline were noted in the cement. The clastic gramns are extremely
pressed, and crnshed to lenticular masses, showing all gradations
between undolar extinction and complete crushing and recrystallization
to a finer aggregate. Besides, the newly formed quartz-feldspar mass
between the grains is vigorously corroding the clastie grains and con-
verting them to a finer aggregate. Thereis here an excellent illustration
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of the intimate connection of dyna,mu,al and chemlcal processes in the
recrystallization of rocks.

A specimen from the New Eureka shaft, 200 feet down (343 Nevada
County collection), of a similar black quartzitic sandstone oceurring as
a small mass in serpentine, shows in addition to the small quartzose
veins a second set of fractures, crossing the former and filled with ser-
pentine. The serpentine in places extends into the clastic feldspar
and quartz grains, corroding them in such a way as to leave no doubt
that a local serpentinization has been in progress.

The feldspathic pyrrhotite veins.—In the description of the Crown
Point mive the occurrence of a very remarkable vein is mentioned,
consisting of pyrrhiotite and chalcopyrite with calcite and’ very little
quartz., The sulphurets are said to contain some gold, while of free gold
there is practically none. The pyrrhotite contains only a trace of
nickel. This type is so radically different from the normal gold-qnartz
vein that it must be considered separately, and undoubtedly has been
formed under ditfering conditions. - :

The specimens and slides of the black argillite from near this vei,
and also from the New Kureka shaft, contain a nnmber of -small white
veinlets, occasionally widening out to larger bunches of the same com-
pact white material. Small grains and streaks of pyrrhotite and
copper pyrites occur on all these seamns, and in one instance a little
zineblende is probably also present; beyond doubt, the vein near t;he

.Crown Point is ouly a larg 't representative of this type. '

Under the microscope the veins are seen to consist of quartz, calcite,
and a plagioclastic feldspar, generally clouded and sometimes showing
polysyuthetic twinning. A small fragment of the feldspar was deter-
mined by Mr. George Steiger," by a qualitative apalysis, as soda-lime
feldspar approaching labradorite, the fusibility also agreeing with this
result, In one veinlet (343 Nevada County collection) the feldspar
occurs as small clouded prisms, between which lies clear quartz, This
is the only occurrence of feldspar on mineral veins thus far known
from this vieinity.! In the normal gold-quartz veins they have not
thus far been found. The largest vein in the Crown Point mine shows
no feldspar, but abundant-light-green radial aggregate of chlorite, alike
in the calcite, the quartz, and the pyrrhotite. This is also unknown
from the normal quartz veins in this district. )

Contact-metamorphic rocks.—IFor a distance of about 200 feet from the
granodiorite contact dark-brown, fine-grained, quartzose, hornfels-like
rocks appear, showing but little schistosity. In thin section a few
larger clastic grains of feldspar and quartz lie in an extremely fine
aggregate of the samne minerals containing, besides, fiakes of reddish-
brown biotite and grains of magpetite-and pyrrhotite. Organic matter
is also preseut. In the smaller area south of South Wolf Creek normal

Mr. H. W. Turner has recognized albite forming with quartz in a shattered zone in an albite-
porphyrite from the Shaw mine, Eldorado County. Am.Jour. Sci., 3d series, Vol. XLVII, pp. 470, 471.
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sandstones appear in the eastern part, while the part adjoining the
diabase is a fine-grained breccia of this same hornfels-like rock, some-
times with fragments of porphyrite, and on the whole very similar to
the Banner Hill breccia. Some of the same characteristic quartz-
angite mosaic occurs in it, the latter mineral being here identitied
beyond doubt. According to the best evidence available, the porphy-
rite is earlier than the granodiorite. It is possible that the porphyrite
in forming this breccia—which must be considered as a contact breceia—
has had a contact-metamorphic effect similar to that of the granodiorite,
though probably less intense. In fact, there is some evidence pointing
in the same direction from the Gold Flat diabase area (Nevada City
sheet), for that rock often countains fragments of sedimentary rocks in
which a similar development of secondary biotite has taken place.

Quartz-tourmaline rock.—In the porphyrite adjoining the granodiorite
‘just west. of the Scotia shaft are poorly exposed masses ot a_gray
quartzitic rock with dark-gray spots and blotches. In thin section this
rock consists of an allotriomorphic mosaic of gnartz in which lie masses
of greenish-gray tourmaline, sometimes with roughly radial structure
starting from a center of darker tourmaline. The ends of the tourma-
line crystals grow into the quartz grains. This rock is regarded as a
contact-metamorphosed quartzite.

THE NORTH STAR AREA.

Adjoining the diabase there extends along the western margin of the
Grass Valley tract an area of sediinentary rocks. The exposnres, as
a rule, are very obscure., The area appears to consist of large ledges
of a grayish chert, separated by black, imperfectly fissile argillite,
weathering gray and breaking in shelly fragments. The chert is in
places almost pure hydrated silica, and contains little vugs with quartz
crystals, It is very different from the siliceous argillite from Federal
Loan. )

Along the poorly exposed contacts with the granodiorite and diabase
there is not much evidence of contact metamorphism. No special
examination has been made as to the origin of the chert so abundant
in this area, but it is suggested that it may be derived largely from
limestone by a process of silicification, such as has often been noted
from other places in the Gold Belt. This view is confirmed by the
occurrence, oti the top of the ridge northwest of North Star, of a bowl-
shaped depression or pit several hundred feet in diameter, and which
can not be explained except as a collapsed limestone cave. 1t is indi-
cated on the map as *“Devils Punch Bowl.”

MARIPOSA FORMATION.

The Mariposa formation embraces the uppermost part of the Jurassic,
aud is composed chiefly of a series of clay-slates. . '
- During the mapping. of the area of the Smartsville sheet the existence-
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of the Jurassic Mariposa slates, which south of Colfax are such a promi-
nent feature of the foothill geology, was not recognized, nor have any
fossils been found during the detailed examination in the rocks referred
to this division. The evidence along other lines is, however, so strong
that there can be no reasonable doubt that they are present.

The main belt of the Mariposa slates ends a short distance north of
Colfax, being cut off by igneous rocks. The slates near Colfax are
identified by the occurrence of several characteristic types of aiumon-
ites,! Lithologically they are characterized by black clay-slates and
an abundant development of porphyrite-tuffs. About 7 miles north of
Colfax a small streak of black tuffaceous clay-slates begins, and, extend-
mO' under the andesite table, appears again a short distance east of the:
Washmoton mine on the headwaters of Wolf Creek. -Here the series-
is quite extensive and consists largely of tuffaceous fissile slates, appar-
ently gradually going over into porphyritic breccias.

A short distance northward the slates are replaced by porphyrite-
breccia, but appear again in characteristic form near the Merrimac
" mine, ou the dump of which fresh, black, tuffaceous slates are exposed,
containing, as.seen under the microscope, fragments of different kinds
of' porphyrites and of the brownish, siliceous argillite, entirely similar.
to that of Federal Loan,in an argillitic, very dense cement with much
organic matter. The fragments do not show any evidence of consider.
able pressure. The slates near the mine contained much pyrite in
sharp cubes.

The black clay-slates can be traced northward as a very narrow
ba.nd, exposed in places by tunnels and ditches, until the excellent
exposures along Deer Creek, mentioned above in the deseription of the
Pittsburg porphyrite area, are reached. A short distance north of Deer
Creek the belt ends. On the hill north of Deer Creek some siliceous
argillite is exposed, besides the normal ‘black, very fissile, and com-
paratively little altered clay-slate. A mnarrow isolated area of black
clay-slate near Indian Flat has also been referred to this formation.
Beyond this point the Mariposa slates have not been found.

The relatively unaltered character, the associated and interstratified
porphyritic tuffs, and the occurrence of fragments of the older Cala-
veras formation are the evidences indicating beyond reasonable doubt
that these rocks are younger than the Paleozoic formations. Through.
out the area  a steep or-vertical dip prevails, and the schistosity
coincides, approximately at least, with the stratification.

"1 Perigsphinctes colfaxri and Olcostephanus lindgreni. A. Hyatt, Trias and Jura in the Western
States: Bull. Geol Soc. Am., Vol. V, 1893, p. 395.
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CHAPTER VI,

- METAMORPHIC PROCESSES,

REMARKS ON METAMORPHISM.

Giving to the word metamorphism a somewhat wider sense than that
in which it is commonly used, it may be defined as any transformation
in the mineralogical ecomposition or structure of a rock, with or without
addition or subtraction of substance. This transformation can be
brought about by different agencies and with widely differing results.
The term metasomatism, or metasomatic action, is usnally employed to
designate a change in the chemical as well as the mineralogical compo-

_sition, involving addition or subtraction of substance.

Restricting the wider definition of metamorphism, it is convenient
to exclude from it the superficial weathering and disintegration, pro-
duced chiefly above the ground-water level by the action of atmospheric
waters earrying oxygen and carbon dioxide. By this process there is not
only a mineralogical transformation but the rock as such is destroyed.

" The products of this process are, besides soluble salts, chiefiy silica, -

ferric hydrate, carbonates, and kaolin. Processes like ccmentation, or
ordinary hardening of soft sedimentary rocks without extensive min-
eralogical or structnral change, are likewise exeluded. '
Large metamorphosed areas are often spoken of as affected by regional
metamorphism, a general term not designating the cause of the action.
A large part of the Sierra Nevada may thus be said to have been sub-
jected to regional metamorphism. The main cause, however, undoubt-
edly being orogenic pressure, the rocks are referred to as altered by
dynamo-metamorphism. Strictly speaking, this term refers only to the
purcly dynawmie processes of crushing and shearing by compressive
stress distributed evenly through the rock or relieved along certain
planes. A stretching action produced by a tensile stress has also been
recognized by several investigators, but no decided evidence of its
existence can be said to have been found during the examination of the
rocks in this district. ‘
‘While exaniples of dynamo-metamorphism without extensive mineral-
ogical alteration oceur, chemical forces are nearly always involved and
very generally play a most important part, incited by the increase in
temperature accompanying the pressure at points far below the surface
and aided by the moisture of the rocks. It is not atall probable, how-
ever, that the heat during the dynamo-metamorphic processes in the

Sieira Nevada has exceeded a few hundred degrees centigrade, and of
90
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fusion there is no indication at all. It is not necessary for the initia-
tion of the recrystallizing action that the pressure should have been
carried to a point at which the limits of cohesion were reached and
schistose structure produced. ' ‘

The process should perhaps more fittingly be designated dynamo-
chemical metamorphism. It generally is characterized by a very
moderate hydration and the formation of clear, fresh aggregates of
mosaic structure., It usually produces a rock of finer texture than the,
original one, Igneous and sedimentary rocks are similarly affected,
though the nltimate products usually differ. The chemical composition,
of the rock does not appear to be greatly altered by the process.

- Dynamo-chemical metamorphism, best illustrated in this district by
the Indian Flat amphibolite area and by the Grass Valley Calaveras
slutes area, ordinarily produnces the following minerals: feldspar
(probably very largely albite), quartz, hornblende, biotite, muscovite,
chlorite (?), epidote, titanite, magnetite, pyrite, and pyrrhotite. The
original feldspars are converted into albite, epidote, hornblende,
quartz, and muscovite. The pyroxene alters to uralite and recrystal-
lized hornblende, biotite, and epidote. The larger grains of clastic
or porphyritic character are not only crushed but also resolved to
secondary aggregates by a corrosively acting process of substitution,
the new-formed minerals projecting into the primary grains.

Another and extremely prevalent form of metamorphism is apparent
i certain rocks, such as the North Star and Osborne Hill diabase
areas, which have certainly not been subjected to notable dynamic
action. This process, characterized by the formation of confused min-
eral aggregates, not so much by clear secondary mosaics, and by a
moderately extensive hydration, might provisionally be designated
common hydro-metamorphism.! The process may evidently be begun
and accomplished at a comparatively low temperature and depth under
the influence of the moisture permeating the rocks below the ground- -
water level; the results imply that these were waters not oxidizing and
which contained no great amount of carbon dioxide. As the depth
increases, the character of the metamorphism will naturally change by
reason of increasing temperature and static pressure.

The minerals formed are chlorite, serpentine, hornblende, epidote,?
muscovite, probably also scapolite; further, magnetite, pyrite, and
pyrrhotite; also zeolites. Secondary feldspars are apparently not
formed in this process. Theoriginal feldspar alters to epidote, musco-
vite, and scapolite; the augite to hornblende, epidote, chlorite, and
pyrite; ilmenite to titanite. :

t About equivalent to Roth's ** complicirte Verwitterung.”

2Epidote contains mainly ferric iron, and it is hardly possible that it can have heen formed under
strougly reducing influences. It is, however, not necessary to suppose that it must have been formed
under oxidizing intluences, for rocks ordinarily contain a considerable quantity of ferric oxide,
Pyrite has often heen observed embedded in epidote. Itdoes not seem probable that it can be formed
by surface weathering under ordinary temperature and pressure. Compare G. F. Becker, Mon, U. S.
Geol. Survey, Vol. 111, p. 211, .
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One of the principal differences between this process and dynamo-
chemical metamorphism is the absence of the secondary feldspar and
the mosaic structure. It is clear from the above that, as the mineral
series of the two processes overlap, there must frequeutly be great.
difficalty experienced in distinguishing them, and the processes may in
fact gradually merge into each other. Many of the products of the
hydro-metamorphism have formerly been régarded as caused by sur-
face decomposition or weathering,

Another form of hydro-chemical alteration in Wlnch hydration plays
the most important part is serpentinization, by which ¢ertain basie
igneous rocks rich in magnesia may, over large areas and to great
depth, be transformed into serpeutine. Being an essentially deep-
seated process, serpentinization should certainly not be referred to
weathering.

"Still another form of chemical alteration is that effected by thermal
ascending waters, and which may conveniently be designated hydro-
thermal metamorphism. The results of this may vary considerably
according to the composition of the waters. If gaseons compounds of
sulphur associated with aqueous vapor are the chief agents, it should
be referred to as solfataric metamorphism. Under certain conditions
the hydro-thermal metamorphisin may be almost indistinguishable from
the ordinary hydro chemical process, which indeed is to be expected.

. In the case of the gold-quartz veins here described, the waters were

rich in carbon dioxide and sulphureted hydrogen, and the characteristic
resnlts of the intense metasomatic action are carbonates, muscovites,
and pyrites.

Finally, by another transformation certain rocks may recrysmlhze
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